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FOREWORD

This report was prepared by Itek Corporation,, 10 Maguire Road, Lexington 73, IVIass-
achusetts; wider Contract Nuniber AF30( 602 ) -3494 and Project Number 4599. The
RADC project engineer is Zbigniew L. Pankowiczi EMIIII.

This is a final report and covers the period of work from 1 July 1964 to 30 June 1965.

This report is intended to document research efforts in linguistic studies for Chinese
to English machine translation. The objectives to be reached under the contract are
as follows:

1. Morphological and syntactical analysis of modern Chinese for machine
translatidtt applications.

2. Compilation of 15,000 Chinese input entries and 15,000 English output
entries on magnetic tape.

3. Compilation of linguistic rules in symbolic notation.

This work covers a 1-year period of main emphasis on linguistic research in the area
of morphologicalandsyntactical problems in modern Chinese. As part of a company
sponsored, independent research effort, programming testing efforts were incorpo-
rated in the second half of the year to test the validity of the linguistic rules and the
practicability of the operations for machine application. The company sponsored ef-
fort is detailed in Section 2.5 and in Appendix B of this report, to fulfill the require-
ments of part VI, paragraph e-3, of the contract schedule.

The contract research efforts have resulted in the following:

1. A linguistic machine translation system from the Chiccder input of the
source language to the linguistic rule operations to the output of the target
language.

2. A magnetic tape and a list of 15,,000 Chinese input entries and 30,000 Eng-
lish output entries plus input and output entries of specialized vocabulary
of general function words.

3. A list of linguistic roles, in symbolic notation, that Is divided into sections
according to 'operations specified in this report (the linguistic rules in
syrabolic notation are contained in a separate report, "Linguistic Rules in
Symbolic Notation," CXtther 18, 1965, Itek COrporation).

4
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FOR WORD (Cant)

4, Details of progranathing testing of the linguistic rules and of testing of
operations for these rides.,

44e

The research efforts were made by Itek linguistic research personnel under the direc
tion of Mrs. Theresa C. Lee of the Chinese Programs Group. Additional authors of
this report are: T. Wang, S. C. Yang, and E. L. Farmer.

Special assistance was rendered by Mi. C. R. Burgess of the Computer Sciences De-
partment. The late Di. Jennings Wong confributeitippificantly to the research ef-
forts of this project in the source and target language analysis.

Special acknowledgement is noted here for the assistance rendered by Mr. Zbigniew
L. Pankowicz and Mr. Wing Y. Hoo, the technical monitors of this project at RADC
during this year of study.

Release of subject report to the general. public is prohibited by the Strategic
Trade Control Program, Mutual Defense Assistance Control List (revised 6
Januazy 2.0..51, published by the Department of State.

This technical report has been reviewed and is approved.

Approved:

Approved:

N%r OMAINI
Chief, nfo Pres Branch
Intel and Info Processing Div.
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JR. Colonel, USAF
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IRVING J ELM N
Chief, Advanced Studies Group

iii

17171.14



uazi.eg pv
r714rw4111%

ustivalq4Napv, ;v
tc w s4 g

.61 ..4

.01414K 411-

Loa
.4 0 tn Zg

42
ggi g svo
4;7i 111 zczl.
1%.,evtio ia
g4:14E wg

I/PAW
geflatif

1#11 rga
E A1;1044
io 1104::

7i g*

SVell
41) 3 I A4t

tit r.

.11100:11,,

r-rcrYkig %.:coov-it',-.1110



TABLE .OF CONTRNTS

1.

2.

INTRODUCTION

LINGUISTIC PROCESSING SYSTEM "FOR CHINESE TO
ENGLISH MACHINE TRANSLATION 2-1

2.1 Description of Chicoder and Its Function in Machine Translation . . 2-1
2.2 DictiOnary Entry Format and Its Relationship to the

Linguistic Processing System .. 2-3
2.3 Linguistic Rule Entry Format and Its Relationship to the

Linguistic Processing SysteM 2-5
2.4 Linguistic Processing System 2-6
2.5 Computer Experimentation 2-12

3. MORPHOLOGICAL ANALYSIS 3-1

3.1 Morphology Tags and Explanations 3-1
3.2 Nora Ina's 3-13
3.3 Adjectival Adverbials 3-19
3.4 Verbs ls 3-23
3.5 Arithmates 3-31
3.6 Synonomes 3-31
3.7 Numerals 3 -31.
3.8 Conjunctions 3-32
3.9 Auxiliaries 3-32
3.10 Con-Adjectival-Adverbials 3-32
3.11 Punctuation 3-35
3.12 Special Words - H Class 3-37
3.13 Comominals 3-37
3.14 Converbals 3-42
3.15 Collocatives 3-42

4. SYNTACTICAL ANALYSIS 4-1

4.1 Noun Phrases 4-1
4.2 Verb Phrases . . 4-9
4.3 Col locative Words and Structures 4-14
4.4 Connominal Phrases . 4-19
4.8 . Nom Phrase-Relative Clauses 4-24
4.6 Verb Linking 4-31
4.7 Illustrations of Linguistic Processing on a Sentence Level 4-32

vitip.4ippicf-Miti:141a wiz lamp I

vii



.

1

1-4 LL 00 '44 1-4 VI CO PI vS 1-1 e*,4 -1I 1 I I I I 1 I I I
LO to LO tr.3 1 CD LO t 00 e:4 M 0

LO

a a

0 0

0

:
2 :. 09

I

0 2
Ea 0 Z$4

or Pg oa . . .

a a.. 0

. pj .9 Hri).
02

0 : g E.I/a9

t 1
A114 8. 41

U . 1 R o gl M:

1 44E4 E.il.q . 44
:4 .4 2

: ill o rzi wz. co t4
. fs . .cs' z III

. 1" .
. E.6 o . 4,

. f.4 c.) 0 © m
. ill
a 0 z C.)34 * tt . . a
IT 4:4 C4 . . . 2 PI 9'0 I El 0

) . . Zo . 0 0
id 0 e
A` 131 ra

z Pr e 1 .t4 >194 i org
zi 1 ra0 0,

0 co .0' 0 64 1 g 1 1 1

0 co - o 0 ME-46 41

z-Ilz00
zo

et

$114

M M

4.1

CI 02 *44 r1 Cs.1
124 A4

isi LC) ui et; co ci r::

ahliksail ,, ,

,. 4 t
n

r



LIST O1 ILLUSTRATIONS

2-1.- Sample Diotlorlary Entry Card 2-4

LIST OF TABLES

2-1 Linguistic Passes 2-7/8

3-1 General Table of Chinese Morphological Tags 3-2

3-2 Specific Table of the Nominal Class Tags 3-3/4

3-3 Specific Table of the Adjectival-Adverbial Class Tags 3-5

3-4 Specific Table of the Verbal Class Tags 3-7/8

3-5 Specific Tables for the Arid-mate, Synonome, Numeral,
Conjunction, Auxiliary, Con-Adjectival-Adverbial,
Punctuation, and Special Class Tags ..... 3-9

3-6 Specific Table for the Connominal Class Tags 3-10

3-7 Specific Table for the Converbal Class Tags 3-11

3-8 Specific Table for the Collocative Class Tags 3-11

3-9 Symbols, Terminology, and General Definition for Major
Chinese Word Classes 3-12

4-1 Verb Linking Sentence Patterns 4-33

4-2 Sample Sentence I 4-35/36

4-3 Rules Used in Sample Sentence 1 4-37

4-4 Sample Sentence II 4-39/40

4-5 Rules Used in Sample Sentence II 4-41

5-1 Singular and Plural Table Designators 5-3

5-2 Plural Pobition Table Designators 5-4

5-3 Possessive Table Designators 5-4

5-4 Adjective Table Designators 5-6

5-5 Adverb Table Designators . . 5-7

5-6 The Six Basic Verb Stem Forms 5-9

ix



CS3 49 C IA CO LCD CO L'. COill I i I .174 ril 1.11 111 rlitf3 It ti5 LCD LCD LCD LCD LCD" 4:2,vi ,

*J.

.

/4 .* ,

: 4 * . I 4 r

1' . .4

) 1.,

''' 1 '. V1,i'll} .

to I; *'' -,' '' ,'t1
' 4 . if '''''

42
14.

' i

fhlY. : ' ' $ '',':s7 r , .., .*'` ','' 1"....,

. PCil
' '..*, :.;' '', ` el

:1.1 :,:q ,, 1, !:,
r.:1 C°

43,;. S: Cal Z.,',.' ''' '7, ,NNt

4.1
rx1 > 2 E.4,,gi,,,-.',,r.,.' ''';t

';4:./ Ir'i ," '; ',...):1' '' ' 0 0 z 8 ..
......, .. ,

, 0 3.4 0
.

al.J.0...,,..,,.:,.. ..i..... ...ci,
uabtt

F4.4
11.4sa

A , . .

,,,,,.,,,
gr,4 0

:-,...:,,,,,:,,,.., 1
., t9Ai:

,,....

.14,.,

..),,,,,,, .
sp A .ka)

14
gT4 i:14

tD
C.)

0 8
1+4 47

...0
0 bi3 cp t.,D CD:,' t `,1',/,.1 . 19. g ,..,

cira > iP
Piei ., J.,, ;id, , 0*. Pe:3 re) CD

.Z1
0)

r.ci
-la CO

: 07 0 .". . 044 .C1
, T1,,,',(0i., 1.,....,;,41'^i'. C) 2 t4.4 0. to 0 10.1 ' 14

.44 ti-t , CO* -PCO 0' 0) CD

d
-

T:541
,0
1.74

.....
;Pro

' a), . 9.)
670.41.. * 41 as

E-4 ;74 W . Z . -Z
f

CSi Oa . .44 LCD

9) aa
I* ' F I I I ',.:1 I

LCD LID* VD VD LCD Lt3 it, 30 -LCD

7**

0e':"(1.1.

2,1,/,4kNk
;0')

`,0,',1k0 77',
';

t". "I14,

`,

s

'fV.
`,

'7;;/
77"." h ' .P " 777 1:777t7P71 '-'4.1C3' 1:1' 4t;;;;.; iss.;



EVALUATION

`fie machine tkanslation'R&D effort described in subject TR encompasses the follow-
ing activities: ( 1) linguistic analysis of source language; (Z) compilation of 15,000
bilingl entities covering the field- of political science; and (3) formulation of lin-
guistic-rules for procegsing of source language data. The machine translation system
thus constructed uses the Chieoder as an input device and the photostore type equip-
inept as a central processor: Preliminary results of this R&D effort have been pro-
grammed and partly tested on the PDP-1 System.

The linguistic research described in subject PR is oriented toward obtaining early
practical results for application to machine translation. The authors recommend
further linguistic studies in morphology and syntax as a means of improving the Eng-
lish output.

.) L.
IG IEW L. PANKOWICZ

Textual Data Handling Section
Information Processing Branch
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I. INTRODUCTION

:4EZSCinger:=CIZC

The research efforts for the past year have been devoted to the linguistic studies of Chinese
to English machine-translation. In this course of study, a system has been developed for linguistic

processing from the input of Chinese text to the output of English. For this process of develop-
ment, the following major goals have been set:

1. To orient the linguistic research toward the practicability of machine application

2. To develop a practicable system for transferring the source language, Chinese, to the tar-
get language, English, by analyzing the source language with the use of modern Chinese

political texts, which cover many morphological and syntactical functions of the source

3. To formulate a grammatical tag system for Chinese morphology and to formulate a lin-

guistic rule operation system for Chinese syntax

4. To formulate an English output system to be compatible with input

5. To provide, on magnetic tape, 15,000 lexicographic entries in the field of political science

with appropriate grammatic tags and to add general vocabulary input and output entries,

which are utilized' in the linguistic processing system

0. To determine a programming system for the processing from input to output in testing the
linguistic rules.

Our linguistic analysis approach is, an attempt to bring the source language and the target
language closer to each other. The input of the source language and the quality of translation

derived from the linguistic analyses are therefore considered from every aspect of the problems
involved and their resolutions.

or
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Political science texts such as "Ren Min Ri Bao"23* and "Hong Qi"11 were studied continu-

ously duri,g the year for a constant sampling of texts to modify or enhance the linguistic study,

since modification of language structures is consent and the best source of research is the actual

writing in tets. Machine oriented linguistic analysis texts and general linguistic texts, as listed

in Section 8, were studied for ideas that are applicable to the present research.

The first task was to determine the major morphological classes through analysiz of Chinese

words. Each major morphological class was given a sez_ee of subtags that define the rammatic

subtlety of the morphological class. The morphological grammatic tags were modified or redefined

as fesearch progressed to the syntactic level.

The second task, which was concurrent to the first, was the syntactical analysis. On this level

the words were grouped into major phrases and attributive clauses and phrases. These phrases

and clauses were analyzed with consideration given to the relative importance of their roles in the

sentence. Within this task the problems of linking major phrases in a sentence and of sentence

patterns were also considered.

The third task was to formulate and analyze English inflection tables for. proper translation

output. The major word classes under consideration for this task were the nominals, verbals,

adjectivals, and adverbials.

During the latter half of this study, applicability of the linguistic analysis to machine oper-

ations was emphasized, and this recognition of eventual machine implementation continually in-

fluenced the linguistic processing system composition throughout the rest of the period.

When the basic theories of morphological and syntactical analysis were established, the pro-

duction of lexicographic entries and linguistic rules began. It is to be emphasized that all catego-

rizing of linguistic operations and lexicographic work is based on study of the source and target

languages and machine applicability.

This project is an attempt to bring the source language closer to the target language morpho-

logically, syntactically, and in the relationship of sentence structures to patterns. The Contextual

Associative Method first looks up the process sentence morphologically. The Major and attributive

structures are then segmented for prOcessing within the structures, and the major structures are

linked for correct processing of output.

*fLeferences- may be found in the bibliography (Section 8) of this report.

t



.2. LINGUISTIC PROCESSING SYSTEM FOR CHINESE
TO ENGLISH' MACHINE TRANSLATION

The -linguistic processing of Chinese to English machine translation is divided into the fol-
-- lowing steps:

1. Operation of the Chicoder to generate input tape for the language processor

2. Lookup of Chinese grammatic tags from informatiOn on input tape and in dictionary entry

tables on magnetic tape or disc

3. Performance of linguistic sentence analysis through the use of linguistic rule tables, both

programming and lookup techniques to be used in deriving English grammatic tags

4. Lookup of word stem of the appropriate English translation from English grammatic tags

5. Lookup of appropriate English forms for the word stem.

2.1 DESCRIPTION OF CHICODER AND ITS FUNCTION IN MACHINE TRANSLATION

The Chicoder is a device, designed to encode Chinese characters, that was completed under an
Air Force contract awarded by RADC. It has the same number of keys as the English typewriter;

all codes therefore refer to the alphabet letters or Arabic numerals on the English typewriter

keys. The Chicoder has a vocabulary of 10,518 Chinese characters, and it Is designed "so that 90
percent of-the common Chinese characters can be encoded in three strokes.

The Chicoder is designed to operate in two modes, English and Chinese. In the English mode,

the keyboard functions like the regular English typewriter in the lower case. In the Chinese mode
Chinese characters may be encoded, an d.the keyboard functions like the English typewriter.in the

upper case. PimCtuation marks and. mathematical symbols are in the Chicoder code (1v).

Two codes are typed to position a character, and a line of five Chinese chaiacters is dis-

played.On- the screen. The Character it seletted by typing one of the position keys designated on

the lower left cornea of the a;;s, d, f, and-gice-0. .Ilthe,chaacter is not on the first line, the

F
2-1



sequencing -(SEQ) -key is depressed for the second line. If it is not thero, SEQ is depressed for the

thirdline,- and so on.

The eincoding Scheme looks at the whole character as a unit square-divided into quadrants,

i.e., 1, 14,111, and_1V. The top and bottom character configurations, or characteristics, are se-

lected by an-examination of the character stroke patterns contained therein. The top character-

isticp can usually be found in quadrants I and II, II and III, or 11 alone, and the bottom characteris-

tics can usually be found in quadrants III and IV, IV and I, or IV alone. The following is an ex-

ample of a character separated by quadrants:

To encode the above character, keys P, 7, and 1 (G) are depressed, i.e.

SEQ

'The keys function as follows:

1. The P key represents quadrants I and U.

2. The 7 key represents quadrants III and IV.

3. The sequencing key identifies the row containing the character.

4. The G key, which contains a 1 in the left hand corner, identifies the column containing the

character.

The input to the Chicoder is by means of a Friden Flexowriter. When depressed, each of the

keys inscribed with stroke patterns generates two unique 6-bit binary codes. The output of the

Chicoder is a punched paper tape. Each character is represented by three 6-bit binary codes, or

characters. The first 6-bit tape character is a unique code representing the upper stroke pattern,

and the second is a unique code representing the lower stroke pattern. The third 6-bit character

uniquely identifies the character position in a 5 by 5 matrix. Three bits are used to encode the

-row, and the other three bits arl. used to encode the colUnin. A fourth 6-bit tape character indi-

cates character end.

Vie,piniciled.*Iper tape output of the Chicoder .is used as input for language processing from

CHnest.,to gpits4., gach,Chigeee-charagter,yees a, Chicode, which contains four characters that

are combinations of letters and,numbers to make up the lexicographic entries. The first character



the-is-WOO Oliarsider represents the lOive,r stroke patfer4 the

014 ehintetekleP.reet01- t a -soil and thoiourth dbaraOter-repreisenta thercelumn. A Chinese

leXiOrigrap04:etiry Of moreifiais-o6s Cidecide can be made up, i.e., a Chinese Word May be coil-

POSiedOf More-thin one Vie- character, and`the Chicode serves as the-unigtie code for each
Charictisr.

The prithe.ry fundtiii4 of the Chiceder in Chinete to English machine translation is to generate
from -any given Chinese text, 'a punchedpaper tape for litput to the language processor. its second

funetion is to ptevideldentifying tags kr Chinese characters' in the laicogrephic entries: Thig- is
of while import in the complete syatem-of language processing, from the input of Chinese to the
output of English.

2.2 DICTIONARY ENTRY FORMAT AND 1TS RELATIONSHIP TO TEE LINGUISTIC
PROCESSING sysnm

Over 15,000 locict4hiphic entries cOnsisting. of general terms and political science terminol-
ogy have been completed on a linguistic- analysis level, first on card form and then on magnetic

tape. The information on each card includes the folloWing items:

I. Romanization (Pinyin)

2. Chinese characters

3. Chicodes

4. Chinese grsunmatic tags

5. English grammatic tags

6. English translation stem

7. English inflection table tags.

A sample dictionary entry canna shown in Fig. 2-1 and explained in Section 2.5.3.

Selection of lexicographic items from all the word classes (see Section 3) of.which the entries

are composed is made with the 'aid_of the "Chinese-English Dictionary of Modern Communist
Chinese Dsagen5 for the political and general terminology, as well as with the fruits of research
and study of general texts listed in- Section 8.

The leideographic-entries,are divided-into three dictionaries (I, III, and IV) for lingwstic

analysis and programming ,operations. The argument of dictionary t consists of Chicodes, and the
function cOnsiSts,Of Chinitie-grammatic tags. The-Chinese grsumnatiC tag may contain ambiguities

such-as-Vikt(see,'SeCtiOn 34.1),:the verb,and noun tag wOrdt- fOr which-are listed. _Linguistic

anatysi#-Wa0004110,ited:throUgh the use_oflinguistic ride. tables,. contained In dictionary II, which

244
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he dificuatelater in this section. The atigtmotent of dictionary III consists of Chieodes and

English-grainn- *tic bib for each word applicable fins the entry, and the function consists of English

translation stern and English inflection table tags. The English grammatic tags result from alter -

ing-the orig;inalgrammatic tags to the correct English grammatic form through the processing, of

linguistic rides. The English inflection table tags indicate the appropriate English ending for

nouns,. acireotiVes, adVerbs, and verbs. 'The noun inflection table3 give singular and plural for-
mation and singular and plural possessive formation. Verb inflection tables give tense, infinitive,

negative, atd auxiliary formatiOn. Adjective and adverb inflection tables give regular, compara-

tive, and superlatite formation. For a detailed explanation of the use of English tag tables, see
Section 5.

2.3 LINGUISTIC RULE ENTRY FORMAT AND ITS RELATIONSHIP TO THE LINGUISTIC
PROCESSING SYSTEM

The linguistic rules are the results of the semantic and syntactical analyses and of the in-

corporation of the analyses into a machine translation system. These rules are grouped into six

major lingUistic passes, and each rule is illustrated in symbolic notation on a card whose left and

right sides indicate the argument and the function respectively.

Some examples of linguistic rules are

1. ASXXX; + 0A2 (argument) ADXXXX, (function)
.

2. ADXKOU1 + V - 16/N - 16 (argument) ADXKOU1 + V - ag (function)

The explanation of linguistic symbolic notation is as follows:

1 X = anything

2. / = ambiguity division of tag words

3. + = division between one grammatic tag and the other

4. - = up to and including the stated number of subtags

5. = division between argument and function.

The subsCripts are word order indicators. A. complete explanation of linguistic symbols is pre-
sented in Appendix A,

ga04 ?nap'' linguistic pass utllizeS one or more sets of linguistic rules. These rules are

matched -against- the processing sentence to find-a match by word sequence. Special programming

operation* and lookup techniques are used to alter the original match (the argument) into the

Theise 'Sete of rtiles.are-dittiOnary II in the lingUistic processing system. They are
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important in that they furnish the translation system the'refinement of language processing. They

serve to resolve ambiguities, to group major phrases and attributive structures, to connect the

subject with the predicate, and to give inflection.

2.4 LINGUISTIC PROCESSING SYSTEM

In explaining the linguistic processing system, we proceed from the input of Chinese.charaO-
. . . .

ters to the output of English words.- A typist takes a Chinese text and punches from:the Chicoder

a paper tape, which is used as input for the language processor. A search is made to determine

the beginning and end of the sentence, since the linguistic analysis process presently deals with

only one sentence at a time. A sentence is indicated by the segmentation indicators KPI, which

indicates the beginning of the sentence, and KPT, which indicates the end of the sentence. Dic-

tionary I is utilized and the information from that dictionary for each word of the sentence is

extracted and read into the active memory. A processing sentence is illustrated as follows:

KPX Chicodes/Chinese grammitic tags (first word) Chicodes /Chinese grammatic tags

(second word) Chicodes/Chinese grammatic tags (third word) KPT

The processing sentence is isolated, and Chinese grammatic lags are introduced into the

linguistic processing operation. Dictionary II, consisting of linguistic rule operations, is then

introduced. The sentence is then examined, patterned, and reordered by programming and table

lookup techniques. The major programming operations consist of insertion, deletion, reordering,

masking, and phrase segmentation. The words on which these operations are performed may be

tag words, English words, Chicodes, or translation words.

The linguistic rule processing is composed of six major linguistic passes, which are different

from programming passes. The linguistic passes deal with symbolic notation of rules and ex-

planations of operations for these rules, while the purpose of programming passes is to reduce

machine time to a minimum by grouping the linguistic rules according to different levels of operation.

Table 2-1 is a list and explanation of the linguistic passes. The major goal of pass 1 is to

utilize as much as possible the classes of words that function linguistically as phrase or structure

initial or terminal indicators. From these words, major phrases are found and formed into

syntactical patterns in subsequent passes. Words with more than one tag word (V/N, A/N, etc.),

which we call "ambiguities," are resolved as much as possible, depending on the position of the

word relative to other tag words or indicators.

A series of operations is initiated to determine the indicators ofverb phrase patterns. In
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-pass 1, reordering of adverbs within the verb phrase and tense and modal verb operations are
recognized and indicated. The head word of the verb phrase is then singled out. with an indicator.

In pass 2, the resulting sequence of tag words is matched against a list of noun phrase pat-
terns. When a match is found, a noun phrase is recognized and the appropriate head word of the
phrase is singled out with an indicator. The words within the noun phrase are then rearranged
according to English word sequence.

Pass '3 detects attributive structures, which include phrases and subordinate clauses, and
finds the major phrase to which these attributes are related. The attributive structures are then
isolated so that a syntactical pattern becomes apparent.

Pass 4 consists of a series of opera tons to discover the eristence of noun phrase-relative
clauses in the sentence. When a noun phrase-relative clause is found, the word order is rear-
ranged according to equivalent English word sequence. The head word of this structure is again
singled out and treated as a nominal in the syntactical structure.

Pass 5 links the head words of all major phrases in the sentence and determines the sentence
pattern according to linguistic tags of each head word. This pass completes operations on all the
tables in dictionary II.

The final pass, pass 6, selects the grammatically and semantically appropriate English word
from a group of translations for each Chinese word. This pass utilizes dictionaries III and IV.

The details of each linguistic pass are further amplified in the following paragraphs.

2.4.1 Pass 1

Pass 1 is divided into eight subpasses. Pass lA sections the sentence according to the ex-
isting punctuation marks. This is utilized to indicate the possibility of initial and terminal points
of phrases or clauSes. a When a punctuation mark is found, :two indicatomi are-usually inserted

before and after the punctuation mark. The primary phrase segmentation table has two types of

.punctuation indicators. The KC indicator is inserted before and after punctuation marks within a
'sentence, such as comma 4.:nd Semicolon. The KP indicator is inserted before and after punctu-
ation marks, such, as question mark, period, paragraph indicator, and exclamation mark, that
indicate the end of a sentence. For example:

1. PC KCI + PC + KCT

2. PP -. KPT 71. PP + KPI

Pass 1B picks out special structuresr such as comparative structures or interrogative

. 2 -9



sentences, Withemtgoing through subsequent pasEls, since the syntactical patterns for these
structures need further analysis.

Discontinuous structures that are used for subtle shades of meaning for words having no

appropriate English equivalents are scanned and masked. For example:

4; 61 (dark night haS ending).

The more appropriate translation would be: " The dark night does have an ending." For the
present is masked, since it is treated as a verb, and emphasis is not analyzed in this phase oi
study.

Another example is:

"C t 5L.611-.÷ (brave youths).

It is more appropriate to use the adjective form of the noun fork ... 61 with certain nouns be-

tween than to consider his as a noun phrase-relative clause. In similar phrases, such as
kic 61 tiinipolitical problems), it is better to use the adjective form of A51a(political).,

Parini 1C picks out adverb independent words that do not affect the rest of the sentence, and

they are masked for subsequent scanning (see Section 3.3).

In Pass 1D, the functions of specific connominal, collocative, and converbal class words are
determined by examining their immediate environment, and they are indicated accordingly. These
words can therefore be utilized as phrase or structure initial and terminal indicators. For ex-
ample, if.1.- is immediately followed by a collocative initial, it is used as a converbal and not as

a verb. Those words whose functions cannot be decided on until the scanning of a greater siamc-
tire will be dealt with later (see Sections' 3.13 and 3.15).

Pass 1E searches for the initial or terminal indicators for prepositional phrases or attri-
butive structures. When a phrase or structure indicator is found, the KI and KL indicators are

inserted before and after phrase or structure tag words such as LIX and MGM A minor in-
dicator (I71) is inserted after the phrase indicator word if it is an initial indicator or before if it
is a terminal indicator. Initials and terminals must be equal in number, and they are paired by
linguistic routines.

Pass 1F deals with the resolving of ambiguities of words with more than one tag word, a

circumstance that depends on the immediate environment of the word. The rules may be reap-
plied in the sentence for these ambiguities. For example:

240
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1. AAXXXX1 (adjective adverb) + 0A2 + V3 = A:DXXXXI (adverb): + V3

2. AXICOM2 + VAT: = AJXXXIC1-+ N2

Pass 1G searches for and isolates main verbs. A series. of operations, including verb

phrase segmentation, adverb reordering, and inserting tense into verb grammatic tags, is made.

The verb is then singled out for subsequent passes (see Section 4.2).

Pass 1H resolves words with more than one tag word by examining their environment. This

operation may be performed after each major phrase operation is completed.

2.4.2 Pass 2

Pass 2 is concerned with the recognition of simple and complex noun phrases and with the

isolation of the head word from its attributes in the context. The head word is utilized for sub-.

sequent passes for prepositional phrases, etc. In this pass, the number of the head word is af-

fected by its attributes, such as arithmates or numerals, that have number tags. _Words are re-

ordered according to equivalent English word sequences. The detailed operation for this pass is

described in Section 4.1.

2.4.3 Pass 3

This pass searches for initial or terminal points of collocative structures and connominal

phrases. When the hiitial or terminal point is found for the structure, indicators are inserted to

separate the structure from the processing sentence. The elements within the structure are re-

ordered for the proper translation. After this process, the tag words within the structure are

masked except for the connominal tag word and the initial and terminal structural indicators. The

connominal tag word is then referenced to the related verb for the proper connominal translation.

The collocative structures and connominal phrases are then syntactically reordered to follow the

related verb or verb and object if required. Each of these steps is described in detail in Sections

4.3 and 4.4.

2.4.4 Pass 4

In this pass, the environment of the noun phrase-relative clause is examined to determine the

initial and terminal points 'of the noun phrase-relative clause. When these are found, initial and

terminal indicators are inserted before and after the clause to segment the structure from the

sentence for subsequent operations. To derive the proper English translation of the noun phrase-

relative clause, tag words within it are reordered and English words are added where necessary.
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All words are then masked except the head word, which is to be singled out for the verb liekieg
pass (see Section 4.5).

16..-.. r--,--,.-- .42, " 411,

2.4.5 Pass 5

By this time, all attributive structures have been masked. The modifiers of norm phrases
(including noun phrase - relative clauses) and of verb phrases have been masked, and only the head
words of these phrases remain in the processing sentence. At this stage, all attributive structure
initial and terminal indicators as well as verb phrase initial and terminal indicators (KXX) are
masked, with the exception of KCI, KCT, KPI7 and KPT. Therefore, only major punctuation initial
and terminal indicators and head words of major phrases remain in the processing sentence. The
operations are then initiated to link the noun head word with the verb head word to give the verb
person and number. To derive certain operations, a series of rules indicating the lookup of the
next head word is necessary for this phase (see Section 4.6). After this process is completed, the
processing sentence is ready for the selection of the proper translation according to the English
grammatic tag of individual Chinese words (Chicodes).

2.4.6 Pass 6

In the first five passes, the Chinese grammatic tags for each word are altered to the appro-
priate English grammatic tags. In pass 6, dictionary III is utilized in matching the appropriate
English grammatic tags to find the correct stem of the English translation. The correct English
table tags are used in looking up the ending for the correct dorm. A set of special operations is
initiated to determine the proper form for the inflection specified in the English grammatic tag.
Dictionary IV gives the tables for these appropriate forms so that programming operations can be
specified to generate operations that search for the correct endings (see Section 5). Auxiliary
words and/or endings are then attached to the word stem to generate the English equivalent for
the Chinese word.

2.5 COMPUTER EXPERIMENTATION

The computer used in the present system for Chinese to English machine translation (MT)
is a Digital Equipment Corporation PDP-1 with auxiliary disc storage. The system utilizes pro-
grams that allow the application of automatic lookup, content addressed tree structure, and con-
text associative type techniques. Several special operations have been programmed to facilitate
a simulated content addressed table lookup method that is associative but allows nesting and
structuring for phrasing, etc. These initial operations are experimental in nature and are being

2-12



used both for proving the approach and for ultimate system design specifications. Chinese inputs
and outputs are en coded-on-the Chicoder and a paper tape is produced. This tape is processed by

experimental MT system; oiztputs:are punched on paper tape with subsequent English printout
on a Friden Flexowriter.

Three dictionaries are prepared according to the longest match principle to allow a simu-
lation of content addressing. Dictionary I accomplishes word segmentation and converts Chicodes
of Chinese words into pseudo-Chicodes (semantic tags) with Chinese (grammatic) tags. Dictionary
II converts Chinese tags into English grammatic tags through operation of different linguistic
rules. Dictionary In leads semantic tags and English grammatic tags to a final translation in
English. A set of subdictionaries, i.e., dictionaries for English inflection table tags, will later
enable automatic derivation of the proper auxiliary forms and word endings,

2.5.1 Processing Procedure

The processing procedure contains three passes using three dictionaries respectively.

Pass 1--- Chicodes to Semantic and Grammatic Tags. Dictionary I tape is written onto the
disc by an automatic loading program. The tape of Chinese text (in Chicodes) is then read in to be
processed by the content addressed lookup technique, i.e., when the Chicodes (argument) of a
Chinese word are associated with an entry in dictionary I, they will be replaced by the corres-
ponding semantic tags and Chinese grammatic tags (function). The output of pass 1 is thus a
string of semantic and Chinese grammatic tags. (See Appendix B for listings of Chinese text,
dictionaries, and outputs of the experiment.)

Pass 2 Applications of Ltifi...L.tc Rules. After dictionary II is loaded onto the disc, the
output of pass 1 is read in to be processed. Arguments of linguistic rule entries are associated
with the input stream, which is then modified by operation codes indicated in the functions. An
output tape of this pass is then produced as the input of the next pass. The output of pass 2 is a
string of semantic tags and English grammatic tags that are to be associated with the arguments
in dictionary III. Special operations are used here in facilitating associative techniques to ac-
complish the linguistic operations. The operations are described and explained in Section 2.5.4.

Pass 3 Tags acrd id English Grammatic ags to English Translations. After dic-
tionary III is loaded onto the disc, the output of pass 2 is read in to get the final translation. This
pass uses only the content addressed lookup technique (with chained stems and endings). The
output of pass 3 is the English translation of the original Chinese text. However, the English
translation output for nominals, adjectival adverbials, and verbab3 appears inthe stem form of the

-
- -

7 t
gtear 1
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vOcabulary (pee Section 5) with subsequent, attachment and.insertion of proper endings and =ci-

liary forms through the-use of subdietionaries.

2.5.2 Dictionary Entry

Dictionar . An entry card has been designed in special formats for dictionaries I

and M. This card is arranged for the convenience of direct punching without further coding work

(see Fig. 2-1). The entry card is divided into three portions. On the top portion of the card,

blocks on the right are for Chinese characters while blocks on the left are for their romanization

(Pinyin) letters. The space between Chinese characters and their romanized letters is left for

indicating word classification, i.e., noun, verb, etc. In the middle portion (for dictionary I),

Chicodes of Chinese characters (argument) are of the left, and pseudo-Chicode (semantic) and

Chinese (grammatic) tags (function) are on the right. In the lower portion (for dictionary III),

semantic and English grmmatic tags (argument) are on the left while English translations and

inflection table tags (function) are on the right.

Chinese Characters. Chinese characters of a word are copied in blocks. They are picked up

mainly from the "Chinese-English Dictionary of Modern Communist Chinese Usage."' Other

sources include articles from "Hong-Qi" magazine," the "People's Daily,"" and other

publications.

Romanization Letters. These are the transliteration of Chinese characters. The romPnization

procedure used is the Pinyin system of Communist China rather than the Wade-Giles system. The

"Chinese-English Dictionary of' Modern Communist Chinese Usage"' is used as a standard refer-

ence for romanization Pinyin.

Chicodes. The Chicode of each Chinese character can be found from Chicoder typing or from

the reference manual." Each Chicode contains four characters that are combinations of letters

and numbers. A slash is used as the delimiter of each Chicode, e.g., ck12/t711/.

Pseudo-Chicode (Semantic Tag). For efficient processing, the pseudo-Chicode or semantic

tag is designed to represent variable length Chicodes of each Chinese word. Each sematic tag has

a fixed length. of six characters that are combinations of letters and numbers with a slash as the

.delimiter, e.g., vaab99/. The semantic tags are very important in the application of linguistic

rules during the computer processing, which will be described in Section 2.5.5.

Chinese Giaa ttca_mar s. Chinese tags of each word have variable lengths due to different

word classifications, e.g., 10 tags for a noun and 16 tags for a verb. These tags are symbols of

gran:a-nate analyseS Of a Chinese word.
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E
.mm English tags of each word also have variable lengths similar to

-Chinese tags. Theie tags alge,EngIisii translation grammatic indicators of, e.g., word classifica-
tion, number, and pekson. There may be more than one classification. (part of speech) for one

Chinese word. There may, therefore be more than one set of English tags to indicate different
word classifications.

Translation. This refers to the English translation of one Chinese word. One Chinese word
may be used for different word classificatiOns (with different sets of English tags) and one Chinese
word may therefore have more than one translation.

2.5.3 Linguistic Rules

Linguistic Passes. According to the procedure of linguistic analyses, linguistic rules are
classified into six linguistic passes with some subpasses. (These are not to be confused with the
dictionary passes, since much of the computer processing is internal in .nature.) They are listed
and described elsewhere in this section as well as in other sections of this report. Linguistic
rules are referred to as dictionary II (pass 2 during processing) in the explanation of this experi-
ment. All linguistic passes except linguistic subpass 6B are included in processing pus 2. The
linguistic subpass 6B, "English word inflection lookup," is left at this stage. Further effort will
be made to continue full implementation of table tags for choosing the proper ending of English
words.

1

Writing Format of Linguistic Rules. Linguistic rules are written in a format similar to that
of the chemistry equation, with arguments on the left and functions on the right. Examples of some
linguistic rules are shown below. All letters and numbers in the equations are either Chinese tags
of a word (e.g., as ) or linguistic tags for analyses (e.g., kct). Semantic tags of each word are
not shown in the equation. Subscripts to sets of tags indicate their sequence. Superscripts found
at the end of some sets of tags indicate the total number of tags in the set.

1. AAXXXXi + 1111;12 . AJI1XXXi + HM2

This rule is intended to solve a simple adjectival-adverbial ambiguity. The equation means that
when there is an adjectival-adverbial ambiguity (AAXXXX) that is immediately followed by a
special class word (11M), the adjective form (AJXXXX) is used.

2.
I+ $VT1C 4- UP TO NEXT3 + AMOMX4 + 1111,15 + UX6 + N -KM

KCT1
EicpiKCT

$VT1C « 26 + UP TO NEXT3 + UX8 + AJXX10C4 + N

This example shows the matching of alternative case and discontinued string, the reordering of

2-15



word sequence, and the deleting ofa word. .The bracketed expression KCT means that either

j
KPI

KCT or KPI will appear-at.that positiOn. The dollar atp with overscore, $7 means that any-
thing else except what is tinder the overscore will be applied to this rule. UP TO NEXT repre-
sents the discontinued portion of the string, and means the connection of two halves of the rule.
The whole equation means that when either KCT or KPI is immediately followed by anything
else except VTIC le, and followed by some other words that are in turn followed by a string of
AJXXXX,PlM, UX, and N 10, the word AJXXXX should be moved to the position between UX

and N 10 and the word HM should be eliminated.

- - -

3. US1 + UP2 + UP2 + UP4 + NT3SONO0U05 NT3SON30U05 + of + UA1 + UA2 UA2 + UA4

This is an example of noun phrase reordering. When there are four numerals (US or UP) that
are followed by a noun of time (NT3SONOOUO), they should be presented in arithmetic form (UA)
and moved to the position after the noun with " of" in front of the numerals. After reordering, the
underlined portion in the function (of UA + UA + UA + UA) is masked until final translation of
English. The nominal tag 7 is therefore changed from 0 to 3 to indicate the formation of a nominal
of time phrase.

2.5.4 Operation Codes for Contextual Associative Method

Operation codes indicated in dictionary II will perform the special matching operation and the
linguistic changes required by translation. These operations will allow the input data to be mani-
pulated in different ways to obtain the desired form. Ambiguities in word classification will be
resolved. Noun phrases, verb phrases, and adverbs will be reordered and put into proper position.
The subject, the main verb, and the object of a sentence will be detected and connected to each
other. These operation codes are described and explained individually as follows. However,
examples of their uses will be given later.

Don't Care Code (-). A hyphen in the argument will ass, iciate with any character in the input
string at that position. One hyphen will match only one character. The hyphens in the argument
are therefore used as unspecified characters to associate with corresponding characters in the
input. (The don't care code is identical with X in linguistic analysis.)

Up To Next (.). The right arrow will appear in the argument for connecting two separate
parts of a rule. This operation is created because some linguistic rules require the association
of two unrelated strings to provide sufficient information. The gap in between may contain varia-
ble length data, and it is therefore not known how many don't care codes are needed. This up to
next code will fill the gap and connect the two separated parts to enable a complete association.
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Save Input (7). The period is used in the function to save the associated portion of the input
as'indicatedin the corresponding argument. This code will usually appear at the beginning-of the
funOtiOn to. alter the input string. Without this code at the beginning of the function, the associated
portion of input will be deleted from the input string.

Rho Stuffing N. The Overscore in the function viill insert characters underneath and fol-
lowings into the input string. Characters to be inserted start from the one under the overscore
and end at the one before any operation code or blank.

Shift Code ( or .m). The middle dot indicates that the assumed pointer in the input string is
to be shifted to the right. A letter m immediately following the middle dot will change the shifting
direction to the left of the pointer. Numbers following the shift code indicate how many positions
to be shifted. The assumed pointer is the position in the input string where the next table lookup
will start. The pointer will appear in the intermediate printout as an underscore U.

Wore Codes (2, There are six sets of ignore codes designed to ignore por-
tions of the input for future table lookup. These ignore codes are used only in pairs of the same
code, e.g., [ and < and <. The first ignore code of the pair indicates the initial of the ignored
portion while the second ignore code indicates the terminal. One pair of ignore codes could be
included in another pair of ignore codes if necessary. (The ignore operation is identical with the
masking function in the linguistic analysis.)

Masking Code 0. The comma is used in the function to mask or skip the unchanged charac-
ter in the argument, i.e., the comma in the function will save the corresponding character in the
argument as it is, therefore retaining it in the input in original form. One comma will skip only
one character.

Save Copy (4). The up arrow in the function will save part of the argument and cause the
saved portion to be moved to the desired position. Masking codes usually follow the up arrow to
indicate the corresponding characters that will be moved.

Restore Copy (+). A plus sign following a shift operation in the function will restore the part
saved to the designated position. This operation code is used in conjunction with a save copy code
and a shift code to accomplish the reordering of data strings.

Reset Pointer (-). A tilde at the end of function will reset the pointer at the beginning of a
sentence. This code is often used at the completion of rule application to stop further searching
of the rest of the sentence, and to restart the searching from the very beginning of the sentence.
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iteitleti-are,doded7iTidittiOilarY II-in a Seudo bnguage for protessing. The three
eXamples.Cited:i4.1*tion-.A.5.3 are _brought over to Slit* the actual coding of individual rules. The

cOdipg:ot exstmple

These two diceonary entries will accomplish the simple ambiguity rule in example 1. The

hyphen stands for anything, such as a letter, a number, or a symbol. When the argument of the

first entry is addressed, its function specifies the saving of the associated portion of the input

stream and the moving of the pointer to the left of the argument, indicated by a period, and stuff in

xi= at the location of pointer, indicated by an bverscore. The string in the I/O buffer will then

show as follows, with the underscore designated as the pointer:

The second entry will associate with the above string and replace xl=aa with aj. The pointer

will be moved back to the very beginning of the processing sentence (indicated by The string
will show as:

aj -) /hm)

The coding of example 2 is:

Argument

kct ( /vile

aj -) /fun)

n -)

kpi( /vtic

aj- ) /hm)

' keg. -/aj
u -)

ka-s. /aj -)
u;-) -n

Function

). ..999999998

/u-) /

) / ..999999998

/u-) /

/hm) / ..41,,,m,,992+,m99V20=

/hm) .04f ,mr,,,.992+0m9923120::

4.



&amp le 2 needs-five dictionary' entries to accomplish the rather complicated requirement.
In-the.first entry, any portion of thi input stream meeting these conditions will essociate with the

KCT + VTIC ". Its function specifies the Saving of the as-
sociated-input stream (indicated -by a period) -and theshifting of the pointer to the right (indicated
:by-a Middle dot) by 80 characters (indicated by 999999998). This will meet the requirement of
example 2 that if KCT or KPI is immediately followed by VTIC - le and the rest, this rule will
not apply. The second entry is the same as the first entry except that KPI replaces KCT to
ensure that either case will not be applied.

Since exceptions of example 2 have been taken care of, the third and fourth entries will include
all cases applicable to this rule. The up to next code (-.) will connect two separated parts of the
rule. Their functions indicate the saving of that portion of the input stream and the shifting of the
pointer to the right by 4 characters (indicated by 4) and the moving of the following 14 chaac-
ters (indicated byt,) to the right by 20 positions (indicated by 992) and the restoring of
them (indicated by +). The pointer is then shifted left by 20 positions (indicated by m992) and
x20m is inserted. After operations of this entry, the original string (argument of third or fourth
entry) will appear as:

kct(x20- /hm) /u-) /aj -) /n

or as:

kpi(-..x20= /hm) /u-) /aj -) /n

The pointer is now at x and the argument in the fifth entry will therefore be addressed. Be-
cause there is no save cede (,) at the beginning of its function, the argument will be eliminated
from the data string. The tilde in the function will reset the pointer to the beginning of this sen-
tence for other table lookups. The string after the application of the fifth entry will be shown as:

kct( /u-) /0- ) /n

or as:

kpl(-. /u-) /aj- ) In

The coding of example 3 is:

Argument Function

/us) /uP) /uP) 29m9/na)29,22,/na),,/ua)
/up) /nt3s0n00u0) 1,/ua).99a22=
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0

1.

ad,

x22=60u0).
-

x23= int3s0n30u0)zofzzzA)

x24=x23=

te.

30u0)zofqz/z)em999923=

oc23=Immtstmmtmtsmstom99998+99
<49999024=

<,

This rule of reordering noun of time phrases is facilitated by four entries in dictionary II.

When the argtiment of the first entry is matched by the string in the I/O buffer, its function indi-

cates the saving of the argument (indicated by a period) with masked portion to be protected

(indicated by commas) and unmasked portion to be replaced. The pointer is then shifted to the

right by nine and four characters and x22= is inserted there. After the application of the first

entry, the string will Show as:

Ala) /ua) /ua) /ua) int3sOnx22=00u0)

The last portion of th9 string will match the argument of the second entry and is to be re-
placed by 30u0)zofzzz /z).. The pointer is then moved to the left (indicated by m) by 9+9+9 char-

acters to insert x23=. The string *Ill show as:

/ua) /ua) /ua) ha)x23=------/nt3sOn36u0)zoizzz/z)

The portion started from x23= will associate with the argument of the third entry. The function of

the third entry instructs the saving of the associated portion of the input stream (indicated by .)

and the moving of the 27 characters (indicated by+ 11,91m111122,,,,mmm) that follow x23= to the left

(indicated by m) by 9+9+9+9+8 characters. It then instructs to shift the pointer to the right (indi-

cated by ) by 9+9 characters to insert the ignore code ( <) and again to shift to the right by

9+9+9+9+9+4 characters to insert x24=. The string will become:

int3s0n3Ou0)<zolzzz/E) /ua) /ua) /ua) /ua)x24=x23=

The last portion of the above string will associate with the argument of the fourth entry. Its

function indicates the replacing of the associated input stream segment by another igncre code (<)

and the moving back of the pointer to the very beginning of the sentence (indicated by The

final appearance of, the string will be:

/nt3s0n3Ou0)<;ofzzz/z) /11a) ------- /ua) /ua)<

2.5.6 Conclusion

To give a precise picture of computer processing results, a two-sentence paragraph of
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ese-text is chosen as-an example for illustration: The Chinese text i prepared and processed

Recording to the-procerkres- described above. The Chinese text in both Chinese and Chicodet4

three dictionaries, and outpUts of each-pass are listed in Appendix B. However, for easier under-

standing, didtionary II (linguistic rules tor the sample paragraph) is. listed in linguistic writing

format rather than in the computer pseudocoding language.

Briefly, this experimentation has successfully adapted the linguistic analyses to computer

implementation of language processing. This developed and tested machine translation system is

not a simple word by word machine translation but will utilize and apply accumulated efforts of the

linguistic research to give an output closer to that of human translation. The quality of the ma-

chine translation can always be improved by enlarging and revising morphological and syntactical

dictionary entries, which are the direct result of the linguistic research.

Th.s software system employed is open ended in every sense, in that rules can be added for

exceptional cases and rules can be added to apply to greater context without requiring special

programming and without causing any conflict (unless it supersedes a rule).

Although this system is designed for Chinese to English translation, its principle and metho-

dology could be effectively applied to the inverse translation, i.e., English to Chinese, or to other

language translations, e.g., Russianto English or German to English.

r:*
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3. MORPHOLOGICAL ANALYSIS

. An intensive study of the morphology of the mo,:iern Chinese language was made during the
past year. In the course of this study; many factors in the Chinese language were considered.
Monosyllabic as well as polysyllabic Chinese words were examined for their functions in relation
with other words. Both semantic and word class ambiguities were taken into account. Inflections
for the three primary morphological classes (nominals, verbals, and adjectival adverbials) were
considered in relation to monosyllabic and polysyllabic words whose definitions are enhanced by
these inflecUons. The relative importance of punctuation marks in the segmentation of phrases
and clauses was examined. In the composition of morphological classes, ample room was allowed
for adjustments, modifiCations, and additions.

Each major morphological class has a series of subtags, and each subtag gives specific gram-
matic information for a particular word in that class. For example, the adjectivaladverbial class
has subtags that denote degree, tense, and type of word modified by adverbials. Up to this point,
14 morphological classes have been defined, and room for addition of subtags to each class and for
formulation of more word classes has been allowed. Tag .1 is the designation for each major
morphological class, the subtags for which are illustrated in the general table (Table 3-1) and
explained in this section of the report. The specific tables for the Chinese morphological tags are
shown in Tables 3-2 through 3-8.

3.1 MORPHOLOGY TAGS AND EXPLANATIONS

The 14 word classes outlined in the general and specific tables for Chinese morphological
tags are utilized in making lexicographic entries. Specifically, the major word class and its sub-
tags are listed as Chinese grammatic tags for each entry in the dictionary format. Each Chinese
word may, of course, have one or more word classes for morphological analysis. Table 3 -9 gives
the symbol, the terminology as used in our linguistic analysis, and the general definition for each
major word class (tag 1).
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Tag I
1

I = comiominal

Table 3-6 Specific Table for the Connominal Class Tags

Tag 2
TYE*

A =ice, ,fit, -41z

B =03

C =

D=

E = k
P ,

G =

= .4ktjt, $it

Abn
I=

=41f, t
K =

L =

N=

0 = iv ,4A, ftrY.

R =

S = 4tc,,/k Act tij,

41z
T =

V = 41- ,

w =ILL, 4.0..).1

Tag 3
Regularity

R = regular

I = irregular

A = with special
adjective

C = comparison
connominza

Tag 4
Position

R = preverb

P = postverb

B = R and P

I = independent
of verb

A = preadjective
or comparison

Tag 6
Quality

N = followed by
noun or noun
phrase

V = N, or followed
by verb (present
participle) and
noun

S = clause or noun
phrase



Table 3-1 Specific Table for the Converbal Class Tags

"Tag I Tag 2 Tag 3
Kintl nix Subtag

= converbal N = negative

P = present
participle

T = tense
indicator

A = passive
voice
indicator
(ito)

R = relative
clause A
(00

I.= important
verb
indicator

I = initial

T = terminal

B=IandT

Tag 4
Tense

F = future

P = present

R = progreAsive

E = perfect

I = Initial 0 = none

T = terminal

A_ vtv
B=

C =4z

0 = none

C = complement 3 = untranslatable 0 = none

6 = translate as
it is

Table 3-8 Specific Table for the Collocative Class Tags

Tag 3
Tag 1 Tag 2 Translation

Kind Type Classification

L = collocative I = initial A = ft;, tft,l, etc.
B = otil 4 , etc.

C = , etc.

D = A, etc.

T = terminal A = , etc.

B .4)4 Al, etc.
C etc.

D = etc.

E etc.

F =.001, etc.
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Table_ 3-9 Symbols, Terminology, and General
Definition for Major Chinise Word Classes

Symbol Terminology

N Nominals

A Adjectival

adverbials

V Verbals

Collocatives

R Arithmates

S Synonomes

Numerals

Conjunctions

E Converbals

Auxiliaries

0 Con-adjectival-

P

I

H

adverbials

Punctuation

Connominals

Sp %dal words

ge:.(77N1'

re:5)

General Definition

Nouns (4. 01)

Major attributes of nouns

and verbs (-tt-,,t

Verbs

Prepositions of discontinuous

structure (A.

Demonstratives (4_ ,tf
Af )

Classifiers and measurements

Numbers .vo? 5)

Equal conjunctions 42, g A.

Words contributing to verbs in

regard to tense, aspect, voice.

negation (C,

)

Auxiliary verbs (fli -+

Words tinat formulate adjectives

or adve;;bs

Punctua,.ion marks (, ; .)

Preposill ions (ii,h , 4.6)

Special ,,vords 411 , )

-"4),, SC.
;\''.

,
r'

r

;,7!'

)727
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3.1.1- ,General Tag Terminology

The following paragraphs briefly explain- the general tag terminology.

Type. The types of a word include subclasses that denote either semantic or grammatic

qualities of differentiation. For example, nominals are differentiated according to meaning; they

fall into the classes of human, country, Animal, abstract, concrete, place name, etc. Verbs are
classified according to grammatic function, such as transitivity with nominal object, transitivity
with both direcand indirect object, and intransitivity.

Position. The positions of a word include subclasses that denote its possible relative positions

between words. For example, collocative initial precedes collocative terminal (4.....1), converbal

initial precedes the verb, and converbal terminal follows the verb (I, J ).

Number. Number classification is tagged in accordance with the English translation as to

singular and plural, since number inflection is not shown in Chinese. Wort: classes such as nomi-
nal, arithmate, and numeral have number tags.

Translatability. Synonomes have translatability and untranslatability. For example, t is

untranslatable, while 44 (kind) is translatable. Some adverbs, such as A- and* , which are

presently difficult to translate because they change their meanings in different contexts, are tem-
porarily treated as untranslatable. In further linguistic analysis of this catagory, it is hoped that

appropriate English syntactic structures that transfer the exact meaning of these words will be
found.

Specific Word Indicators,. Con-adjectival-adverbial, connominal, and special (H) classes of
words (e.g.,hts, and 6.1 ) have specific tags, so that no specific Chicocies are needed
to identify them.

Person.. Nominals and verbals use person tags for English person verb inflections in refer-

ence to first, second, ana third person, since Chinese has no verb person inflection.

Tags of specific interest will be referred to and explained in detail in the discussion of vari-
ous word classes and of the utilization of information tags.

3.2 NOMINALS

The nominals have ten information tags, shown in Table 3-3, that include Chinese and English

grammatic tags. In the study of the nominals, several problems were considered. The first
problem involves the fact that differentiation must be made among pure nominals, verbal/nominals

(V/N), and adjectival/nominals (A/N). Analyses of nominals in terms of semantic differences

3-13
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were undertaken, and nominal were grouped into types for proper translation in their various

relationships with other words Studies were made concerning: (1) nominals that, when preceded

by A (9Q11)* and followed by (II (VF11), can be changed into English adjectival forms, and (2)

nominals that, when followed by-.L., can be charged into English adjectival or adverbial forms.

The problem of utilizing one-character words that have functions in specific word classes,

but may also serve as family names and therefore require romanization, was also taken into

account. Words such as 14,, .4eL (president) andis (chairman), which can also be used as

titles for proper names, were analyzed for the purpose of assigning appropriate subtags.

There is also the problem of categorizing nominals that funidon as tense indicators or as

collocative phrase endings. Person, number, capitalization, translatability of the nominal

class were analyzed in the study of nominals.

3.2.1 NominallKlILind

The most common kinds of nominal ambiguities are V/N and A/N, which are different from

pure nominals; pure nominals have only the nominal grammatic function. Two examples of pure

nominals are:

1. k 1 (people)
2, r (war).

A V/N is a nominal that can also function as a verb. Three examples of V/N's are:

1. (work)

. &2. 4-N (represent, representative)

3. ,fR, (organize, organization).

A V/N is different from a pure verbal with an English equivalent noun form. For example, in

61 t fi (his coming)13k, ,1 (come) is not a V/N, but a pure V that has an English noun

form. Usually, i'ej (HM) is not needed to make a V/N function as a nominal, while a pure V re-

quires that HM precede it, .(11, l'(Communist organization).

An A/N is a nominal that sometimes functions as an adjectival. The following. are examples

cif A/N's:

1. Vg:t (happy, happiness)

2.14 4. (difficult, difficulty)

.11111 11111.
* Codes in parentheses refer to Chicodes for the Chinese character.
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3. tt L&(health, healthy).

When functioning as adjectivals, these words must usually be followed by HM or preceded by

ADRR, such as it& (very), + /7r- (very), and Ng (quite). Two examples are:

1. iR Att 61 atilt. (difficult problem)

2. a t. (healthy life).

However, when these words function as nouns, they need not be preceded by HM. For example:

1. Aft. (economic difficulty)

2. Nt.' J it a (psychological health).

A pure adjectival, however, must have HM preceding it to cause it to take noun form.

Although words such as * (history) and (agriculture) have equivalent English

adjectival forms (historic, agricultural), they are entered as nominals with adjectical fOrms. A

rule causes them 4.0 take adjectival form when they precede a nominal without HM in between:

NDI + N2 ADOCXX1 + N2

3.2.2 Nominal TagI-2_

The nominals are divided into eleven subclasses, as follows.

Pronominal (M). This subclass includes all pronouns, e.g., <V. (you), A: (I), and it., (he).

Country and Continent (C). This subclass includes all nominals that are proper names of

countries and continents. Although these are classified as pure nominals, the adjectival forms are

included in the English translation. Some examples are:I IJ (U.S., American) and

(Africa, African).

Idea (D). This subclass includes the designations of theory, point of view, concept, life, com-

position, etc.names of nonconcrete things that are abstractions or generalizations, e.g.,

(editorial), 4:- 4. (conference), and ist, 47 (opposite). This category of nominals sometimes
A

utilizes the YD&S tag (tag 7).

Organization (0). This subclass includes the designations of agency, group, company, etc.

notilinala that have a collective, active authority to perform specific activities. Some examples

are: VS; 4.t..4 (delegation), (party), and I-7:J - (country).

17 .unan (II). This subclass includes terms for human individuals. Some examples are: k.
(madam), 14 (chairman), and A. (ambassador).
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Human Collective (E). Tbis subclass includes generalized names for groups of people or for

nonspecific persons. The English translation for such words is usually plural in number. Dis-

cretion should be used in differentiating these nominals from human nominals, which are mainly

singular in number. Human collective nominals do not use the address tag (tag 8). Some examples

are: k. fk (people), .. A. (workers), (students), and "A 4.-rc._ (capitalists).

Inanimate (I). This subclass is defined to include all things that are concrete and neither

human nor animal, such as stones, trees, places with common names, radio stations, parts of the

body, and buildings. Some examples are: A + (house), rC. a. (clothes), and ;-C14 4-

(automobile).

Beasts (B). This subclass includes all live animals, singular or collective. Some examples

are: (domestic fowls), 19 (dogs), (sheep), (birds), and A, (fish).

Place Names (P). This subclass includes all proper place names, excluding counties and

continents. Some examples are: 46 44, (Berlin), 11- (Shanghai), and !A_ (Boston).

Nominals of Time (T). This subclass includes special nominals that involve the concept of

time. These function as tense indicators and utilize the definity tag (tag 9). Some examples are:

A (August), (today), 4 (year), 4. (present), and Hi. (time).*

Collocative Terminals (K). This subclass includes nominals that are basically nominals, but

are often used as collocative phrase endings. Some examples are:-t j7 (aspect) and- %1J

(aspect).

3.2.3 Nominal Tag 3Person

All nominals are in the third person except 4'f (you), which is in the second person, and* (I)

and ACk (I), which are in the first person.

3.2.4 Nominal Tag 4Number

The number tag is classified according to the English translation of the Chinese word.

3215Nanina 5Capitalization

Proper nominals use P for the capitalization tag; common nominals use G.

* See Section 3.2.9 for specific discussion of the nominal of time.
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3.2.6 Nominal Tag 6 Gender-

Nominals of the subclasses denoting idea, organization, inanimate, continent, place name,

beast, nominal of time, and collocative terminal usually use N (neuter) for their gender tag.

Country names usually use F (feminine). Noininals that are concerned with human beings and are

not specifically known as either feminine or masculine (M) are all considered to be masculine.

For example,' (students) and k k (people) use M in the gender tag, but-i-A---5- (girl)

and0 -F (women) use F in the gender tag.

3.2.7 Nominal Tag 7 YD&

Some nominals in the subclass "idea" go inside the phrase A and become adjectival.

Some examples are:

1. A (brave)

2. X (significant).

These idea nominals ( Z, and 30 use Y in the YD&S tag, and the English adjectival forms

(brave, significant) are included in the English translation. However, single character idea nomi-

nals such as and411, which also go into the YD phrase and become adjectival, need not have the

YD tag, and the English adjectival forms need not be included in the English translation.

Some itominals followed by i become adjectival or adverbial, e.g., tit %1b4 _E. (political,

politically), and 4-4 -I., (lexicographical, lexicographically). These nominals and

1140.. ) use S in the YD&S tag, and the A forms are included in the English translation.

3.2.8 Nominal Tag 8Address

Some human nominals can sometimes be used as the title of a proper name. For example:

1. LI. (Mr. Wang)

2. kJ i. i (Chairman Mao).

The human nominals ( t and ) use A in tag 8.

3.2.9 Nominal Tag 9Definity

This tag is used primarily for the nominals of time, which are words concerning the con-

ception of time. A T is used as indicator in the nominal tag 2, and tag 9 is used to indicate the

subclasses into which the nominals of time are divided. At present, there are six major subclas-
ses, as follows.

71
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Nominal of TimeDefinite. The names of the twelve months of the year, the seven days of the

week, the different seasons, the different periods of time of day and night, etc., are included in

this subclass. A D is put in tag 9 as indicator. When these words are not preceded by other

nouns of time or followed by either 11S1 ( &) or HM ), they are treated as collocative phra-

ses at a certain phase of the translation scheme. Some examples of such words are:

(Friday), ilft (noon), II- A..(spring), and (December).

Nominal of TimeIndefinite. Another group of nominals of time has the function of collocative

termination. The nominals in this group are classified as indefinite nominals of time rather than

as collocative terminals. If one of these words is preceded by a collocative initial, it functions as

a terminal. If not, it is a regular nominal of time. An I in tag 9 is used as indicator. Some ex-

amples of such words are: 4 it (time), Z. a (day), and 1643 thi(at the same time).

Nominal of TimeNumeral. A few words are used to measure time, and are classified as

nominal of time numerals. Like other measurement words in the synonome class, when these

words are preceded by a numeral the resulting phrase can be either a nominal or an adverbial

phrase. Some examples are: 4 (year), (day), and £ 4)1 (week)

Nominal of TimeRclative. There is a group of words that indicate the relativity of time. In

Chinese, words of this group are used to indicate the time of the sentence relative to the present.

Such words are classified as relative nominals of time. An R is put in tag 9 as indicator. Since
9

these words usually overlap with the adverbial class, they are classified as AD/NTR. The ad-

verbial tag 5 indicates tense (see Section 3.3). When these words precede any other nominal of

time, a nominal of time phrase is made and the tense tag is kept. Later the tense tag is redupli-

cated in the verbal tag 15 to indicate the correct tense inflection of the English verb form. When

these words precede HM, they take noun form and a regular noun phrase is made. If they precede

any other word, they take the adverbial form. The rules generated are:
9 9 9

1. AD1/NTR2 + NTD NTD2 + of + ADi
9 9

2. ADI/NTR+ HM + NX2 NX2 + of + NTRi
9

3. NX + AD/NTR NX + AD
9

4. AD/NTR + NX AD + NX

Some examples of relative nominals of time are:

1. -IF (last year)

2. fiji (tomorrow)

3. Of Ott (last night).
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Nominal of Time Indicator. Certain words, such as ertit,(A.D.),64.44(B.C.), and 1.4:

(A.D.), are used to indicate the time of a nominal of time phrase. The words are classified as

nominal of time indicators. An N is put in tag 9 as indicator. The rule generated is:
9 9

NTI + NPT NPT + NTI

Nominal of TimeO. The NTO word (6) is different from other nominal of time numerals

because of its irregular relationship to numerals. When this word occurs after a numeral and the
9

numeral is preceded by a definite nominal of time, the numeral is to take the UQ form, and NTO

is to be deleted. An 0 in tag 9 is used to indicatd this word.

3.2.10 Nominal Tag 10Translatability

This tag refers to the translatability of the entry. A 0 indicates that it can be translated, and

a U that it cannot be translated.

3.3 ADJECTIVAL ADVERBIALS

The adjectival-adverbial class, shown in Table 3-4, includes all Chinese morpheme that

modify verbs or nouns. This group of modifiers is under the general heading of A, since some

words can be used to modify both verbs and nouns, and word classes would otherwise have to be

further subdivided into similar subtags.

3.3.1 Adjectival-Adverbial Tag 1

This tag is always A to distinguish it from other grammatical classes.

3.3.2 Adjectival- Adverbial T 2

This tag indicates the major divisions of the A class. Morphemes that are adjectivals, i.e.,

that can be used as attributes of nouns with or without the adjectival indicator al(HM), or that can

be attributes of verbs or verb phrases only when followed by the adverbial indicator 5j(OA), are
classified as subclass J. Examples of such adjectivals are:

A -1*
1. 4, .1-47 (lofty)

2. 4/1 A. (tense)

3. # st, (legal)

4. 6t-f (abject)

5. 6, Al (unpopular).

Morphemes that are usually used as attributes to verbs without being followed by OA, but that

Vae.".....4alIVANC10 , 1-.1,,. ' *, *mow
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must be followed by HM when used as attributes of nouns, are classified as D. Some examples of

members (4 this class are:

1 . 17; (adequately)

2., 4,. (minimum)

3.

4. t (further).

Since the linguistic analysis hai not yet gone !3to the level that distinguishes a subordinate

clause from a main clause in a cJrnplex sentence, all subordinate clause indicators such as .?J 411

(not only), It !N, (although),Akz* (if), and %TIT/ L (and) are temporarily included in this subclass.

Morphemes that need not have HM or OA to be attributes to either noun or verbs are clas-

sified as A. Examples of members of this class are:

1. 4/1. 5t, (illegal)

2. 44 a. (positive)
3. t +(collective)

ict (continuous)

5. 4:: %ID (overall).

We do admit that the above classification depends a great deal on the subjective use of the

classifier. It is hoped that the criterion of classification is always the structure most commonly

used in modern Chinese (42a). According to the above classification, the following linguistic

rules are gen6rated:

1. AAI + 0A2+ V3 + V3

2. + 0A2+ Vg -+ ADi + V3

3. AA i + HM2 + N3 AtTi + Ng

4. ADi + HM2 + N3 A31 + N3

5. AA + V AD + V

6. AA N AJ + N

There are some Chinese adjectivals whose English equivalents must go after the nouns they

modify. In such cases, the adjectivals are classified as AP (adjectival postal) or AB (adjectival

postal-or adverbial). Some examples are:

I. %4 P.L t V..a (compatriots abroad)

2. Afic 4- 01 lc- (machines in sets)
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a.A. 43lisuiscs, (harvest above norm).

When such classes appear, what is best and simplest for the longest match met..ad and for ma-
chine operations is usually taken into consideration.

There is a group of adjectivais whose members have a very close relationship with certain
connominals. These adjectivals are classified as special adjectivals (AS) with a completely dif-
ferent set of tags. Some examples of such special adjectivals are:

1.%L.- (far)

2.1a., (near)

44.- (same)

4. *k(together)

5. X. (together).

All adjectivals and adverbials take noun form when preceded by HM and followed by a phrase
segmentation indicator (KXX):

IIM + A + KXX HM + N + KXX

3.3.3 Adjectival-Adverbial Tag 3

This tag indicates the degree of the adjectival or adverbial. In Chinese the degree indicator
is a group of independent words, while in English the degree indicator is either a separate word or
a suffix. Most Chinese adjectivals and adverbials are therefore in regular form in the dictionary.
In context, when they are preceded by a degree indicator, a rule will combine the two Chinese
words into one, as follows:

e ADC1 + Aalk AJC2

From the English tags, the machine will be able to find the correct form for the English equivalent
of the two Chinese words.

3.3.4 Adjectival-Adverbial Tag 4

This tag is used to indicate the quality of the adverb. Most adverbials are attributes only to
verbals. A V or a K is used in tag 4. In Chinese, most adverbials precede the verbs they modify,
and in such cases they can be used as verb indicators. In English, however, some adverbs usually
go after or before the verbs they modify. The classifier is able to indicate this by choosing a V
or a K. The following rules are generated for this purpose:
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1. ADXVi + V2 0. V2 + ADXV1

2. ADXKi + V2 ADXECi + V2

It is discovered that degree indicators (ADCR, ADSR) are the only adverbs that can modify
verbs, arljectivals, and adverbs. Some examples are: 3 A. (like most) tAtl-
(better way) and <it k4 (do better).

There are certain adverbs that can only modify adjectives (ADM), e.g., it .. if
(highly secretive document).

There are certain adverbials that do not influence the grammatical structure of the sentence.
Such adverbials are called "independent adverbials." Because of the lack of time, the clause con-
junctions are also temporarily put into this class. Some examples of such adverbials are:

1. 1-4-V4...(for many years)

2. 49...1. (but)

3. tr.. 4,1- (actual)
4. t- 44%.(a11).

3.3.5 Adjectival-Adverbial Tag 5

There is a group of modifiers that is used in Chinese to indicate time. Tag 5. is used for such
purpose. In machine operation, the adverbial tag 5 is moved into the verb tag 15, causing the
English verb to have the correct English tense inflection. Some examples are:

I. kJ A. (present)

2. JA Teli (in the past)

3.t3 fq (at present)

4. h 4- (in those days).

3.3.6 Ad'ectival-Adverbial Tag 6

There are certain important Chinese verbal indicators for which English does not have any
equivalent single words. For the present, they are not translated, but as the linguistic system is
refined, it is hoped that the correct translation may be decided on. Examples of such words are:

I and t

The major linguistic classes that overlap class A are AM, AD/V, and AJ/V. The A/N's are
introduced by the nominals. The AD/V's are Chinese words that function as verbs when they are
not followed by a verb,but become attributes of verbs when they precede verbs in context.
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Instead of classifying such words as VTE or VTD, it is much more convenient to classify them as

AD/V. Some examples of such words are:

1. Yt (diligently, work hard)

2. itt (continuously, continue)

3. /4`"-it (separately, separate).

The following. linguistic rules apply:

1. AD/V + V AD + V

2. AD/V + $V* V +

Class AJ/V includes all words ending with I L , such as L 4L (industrialized) and
,It) 46(fascistize), and other words like :4_1. (progressive) and Ai Ida (solid).

3.4 ITERBALS

In the course of tl Is study, the verbal class has been found to be the most interesting and the

most challenging, since it plays such an important role in sentence structure. Aside from its

primary function as the main verb in a sentence, the Chinese verb alters its form depending on the

phrase structure in which it is used. Several problems arise from this peculiarity of the Chinese

verb:.

1. There is no inflected form for conjugation with person, number, or tense. The tense and

aspect can be specified by adverbial of time indicators and by other indicators, such as auxiliaries

and converbals.

2. In general, there is no distinction in Chinese verbs between transitivity and intransitivity.

With the exception of a limited number of verbs that do not take objects, most verbs can take

objects or their equivalent. It is therefore necessary to distinguish the types of object and indirct

object that the verb may take.

3. The verb plays an important part in influencing the translation of certain connominals

(prepositions ). There are several connominals whose translations change according to the verb

used..

4. The bifunctional or even multifunctional nature of some verbs calls for different classifi-

cations for the same word.

.11.1=MM,M11111111/111001100114111

* The symbol $ means "anything except...."
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5. The verbal subtags concerning Chinese and English grammatical functions must both be

retained in the linguistic processing for optimum phrase and sentence structure analysis. As the
linguistic research progresses, more tags may !nave to be added for further refinement of the

linguistic system.

3.4.1 Verbal Subtags

The verbals have 16 subtags, as shown in Table 3-5. Tags 1 through 11 are Chinese gram-

matic tags, and are included in the dictionary entry for each verb. Tags 12 through 16 are English
grammatic tags, and are inserted through linguistic processing by machine operatiore.

Verbal Tag 1. -This tag identifies the major grammatic verbal class (V)

Verbal Tag 2. This tag identifies the verbal types, of which there are five: transitive (T),

intransitive (I), transitive and intransitive (B), special (5), and verbs of adverbial quality (W).

Verbal Tag 3. This tag identifies the object of the verb. The object includes the material that
immediately follows the verb and/or that is pammatically important to sentence structure. The
object might therefore include verbs and embedded sentences. When the object is in verb form, its
English equivalent is usually in infinitive form.

Verbal Tag 4. This tag identifies the complement that follows the object. Because of its
position, a word that is ordinarily called an indirect object is considered for machine purposes to
be a complement.

Verbal 5. This tag is used to indicate a pretransitive, a type of connominal that functions as

an indicator of the object before the verb, such as . An example is: a 11
k 41

(please give him this book).

Tags 6 through 11 are called connominal tags. Several very common connominals change their

translation according to individual verbs. For example, 9f can be translated seven ways and %V

can be translated six ways, depending on the verb. Seven kinds of connominals are therefore in-
cluded so that the proper translation of the connominals can be indicated by the verb tags.

verbal 6. This tag is called the connominal-C tag. It deals with the connominal IC(4 4).
This connominal can be translated seven ways:

1. Translate as "to": 4V,I 4tt, ti,(I say to him)

2. Translate as "concerning": 4?-4 g4.r.t.ii- he expresses agreement con-
cerning this matter)
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3. Translate as "in": A Al *Liz_ till -gr- 4(itiAfti am interested very much in machine

translation)

4. Translate as "with": qitli,-,W4i- ft 4=4, (India takes this condition to corn-
promise with .Red China) -

5. Translate as "against": ..%- 4 Ai a +4 fx', (the U.S. declares war against Japan)

6. Translate as "from": AA 4, , Ili 44 41, (the Government collects income
tax from the people)

7. Translate as "at": 411 xi- 4t; (We shoot at the enemy).

Verbal Tag This tag is called the connominal-D tag. It deals with the connominal ID
((J). This connominal can be translated six ways, depending on the verb:

1. Translate as "to": -A; 43 M- (I explain to him)

2. Translate as "from": 44; N-117 ?t1 iQ - 44.` (I borrow a book from him)
3. Translate as "against": '4-j ;att It to (prepare war against Russia)
4. Translate as "toward": ttj ittt.--- (they walk toward the school)

z5. Translate as "at": 1.,.ajfC.4 41 fig iit/Acapitalists roar at their subordinates)
6. Translate as "with ": 4Z 47 it, ktiebt---it 4- (I conciliate this matter with him).

Verbal Tag 8. This tag is called the connominal-K tag. It deals with the connominal LTC (43)
in the postverb position, and it can be translated in two ways:

1. Translate as "into": 4cl* dc-31....:M 1115( .4S.(reconstruct China into Corn-
monistic country)

2. Translate as "as": AC 41 irt.i) iii#49 (we consider him as leader).

Verbal Tag 9. This tag is not at present used for Chinese rammatic information, but it is
retained for further linguistic development of verb and connominal relationships.

Verbal 10. This tag deals with connominals that have irregulr vet bail'. forms. An N is
for connominal IN OIS(:), which is translated as "into." An 0 is for connominal 10 0, ,

which is translated as "as." These are illustrated as follows:

1. IN translation in relation to verb: 4e.. & re. Y6-.6k, t (Communist
Party organizes farmers into troops)

2. I0 translation in relation to verb: Li] 3(.4tufk vtj 1-,1 P(., (U.S.
imperialists see Vietnam as colony).

r,
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Verbal tag concerns the use of connominals IA (1171,2,-5,P.A.), which are
ordinarily used as conjuhctions but become coin.omin.als when used with -certain verbs.

_

Tags 12 through fi concern the English functions"_rof the verb, The English-formal!: the verb
. - .

are produced thiring the linguistic loop operations, i.e., during machine operations and able look-

up, which add to or refine the English tags during the passes that generate linguistic flue lookup.

(Y).

Verbal Tag 12. This tag gives the main forms-Of the verb main verb (V) and negative verb

Verbal This tag indicates personfirst, second, or thirdinfinitive form of the

verb (I), present participle form (P), past participle form (D), and auxiliary form (G).

Verbal Tag 14; This tag indicates numbersingUlar (S) or plural (P). _

Verbal This tag indicates tense--present (P), present perfect (E), past (A), past-- _

perfect (S), future (F), future perfect (U), or present progressive (R).
-a.

Verbal Tag 16. This tag indicates voiceactive (A) or passive (P). As the linguistic -analysis

progresses, more form indicators may be added. A separate sectirn on the English output is in-

cluded in Appendix C.

Following is a discussion of the four 'types of verbs so" far encountered.

3.4.2 Intransitives

There are four kinds of situations 'al which we consider the Verb f.k: be intransitive:

1. Whena Chinese verb is"used that truly takes no object, suchas 'I& (arrive) and

(explode).

2. When a.Chinese verb is used that is intransitive in the active voice, and whose English

equivalent must be in the passive voice. For example, the verb would be " be born" in

English.

3. In Chinese the object is included in the verb, while the English equivalent is one word. For

example, the verb -1.44 is actually composed of verb and object in Chinese, while the English

equivalent is one word, "rain." To save computer operation and lookup, -r 't*j (rain heavily),
J, 4) (rain lightly), and T. t tufg (drizzle) are also considered as single unit words by the

longest match. As computer operation becomes more sophisticated, the division of these words

for linguistic refinement will be considered. Other examples include such words as4,5t,(sow).

ft irk (eat), k (read), L$6: (walk), and fg..i (work).
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4. _In- Chinese the object is included in the verb, and in English the tianslation includes the

object. The reason for this classifica#on is compd.-At efficiency, as mentioned above. Examples

of such.words (hold meeting), 41: g.-+ -(lead the way), andt-i-X(prepare foiwar).

On .most.,occasions,.tb.e intraasitive Rex% goes not take verb subtags 3 through 11. However,

sometimes the intransitive verb may take verb subtags 6 through 11, which concern the usage of

eonnominals.

3.4.3 Transitives

We have the folkilfing types of transitive verbs iii Chinese:
. -

1. Verb VTAverbs that take only a 'pure nominal or a noun phrase as object. If one of this

class of verbs is not followed by a pure nominal or noun phrase, an operation to scan for.noun

possibilities is initiated. Some examples of these verbs are:I (reconstruct) and

. (change):

r.;-
(we shall reconstruct the. country)

A_ :-X TY,,, tit, 1 II ,(people should change their ideas).

.

2.. Verb VTBWverbs that must take pure nominals as their object, which may be followed

by other objects. For machine purposes, the second object is considered to be complement,

because of its position. Tag 4, the complement tag, therefore shows a W. Some examples of

these verbs are: (give), (send), -ts (mail), and 11 (sentence):

:411 -;6& 4C.I' i& (postman has given him a letter)

°C I.4 t, (I mail him a book)

4.1 ti (judge sentences him death penalty).

3. Verb VTBIverbs that must take pure nominals as their object, which may be followed by

a verb whose 'English equivalent is in infinitive form. Sothe examples of such verbs are: i9Z.

(impel), .41- (leid), and Kt & (represent):
_ .

4: it-1T (Communist Party impels students to leave school)

17 t 11Y4 44- k1, 3k-116-It f (Chinese Government leads people to resist Com-

munist Party)

a lift '('fit; frq q.....g4Xt(U.N. represents people to oppose aggressive

policy).
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4. Verb VTC1=veriv that must take pure- nominals as their object, which must be followed by

a Nerb whose English equivalent is in infinitive 'aria. Some examples of these verbs .7re:

ik (canse),21.4.. (let), and 43 (use):.

, . 4;7- t& itAti.(only will cause.people to awake).-

5. Verb VTDverbs that may take pure nominals as their object or may be follovied by a

verb whose English equivalent is in infinitive- form. Some examples of such verbs are:

4- (prepare), -j-T )11i" (begin), andlt 4-1- (proceed):
.

A -S. 4 4y-4ha (Viet Cong prepares to participate in large scale war)

-fr)4 + ;q (farmers begin to plant rice)

ept.. -irk (we proceed.anti-Communist movement).

6. Verb VTEverbs that must be folloWed by a verb whose English equivalent is in infinitive

form- Some examples of such verbs are: (attempt) and 3 i.1. (be determined):

`tic It1. (Chinese Communists attempt to invade Southeast Asia)

ki4ei A-tr. t (we are determined to complete this work).

7. Verb VTFverbs that can take either pure nominals or embedded sentences as their

object. Examples of these verbs are:--)0.1._. (prove) and 04 (declare):

4t o fq I 6 ii4 A (the lawyer has proved his error)

-4". oki it 4-1 ti*--,./it 6,1(This matter p: oyes that his idea is wrong.)

P X-J IP 04 4 vt- 1 eZ.M.1--L-1---01---ftr tit] (communist Party declares

that it will complete 1966 production plans in the end of the month).

8. Verb VTGverbs that must take embedded sentences as their object. Examples of these

verbs are: sti

17

(declare), "Ilt, (say), and f3.-1- (be secretly glad):

'FT i4 --ir-r-..."1:1(Chinese Communists declare that they will attack Vietnam)

J ,Is, b--j-; 41. SO t gej pComrade Chou En-lai

says, we shall exert all strength to help Vietnamese compatriots") -ft

4c 411 114 144-$S641 j (we-are secretly glad that this matter will

succeed).
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At present, wi classify the two special verbs& (Myth and ij (9Q1i) as VSI and VS2 re-
.

specUyely.. Aside from its regulir function as copula, (the verb "t© be"), which is used

for_ emphasis and is untranslatable, very often goes freely either before or after the main
. .

verb. is frequently used to introduce _a relatiVe clatise.

The verb* functions in different ways, depending on the position it takes in a given sentence.

I. Immediately preceded by N or NP, t is translated as part of the verb "to have":.

16-14-4-1. (he bas a book)

t J k.jki --jr-itt_q4tik(Chinese people have a great leader).
.

2. Immediately preceded by IP (connominal phrase), by LP (collocative phrase), by a com-

ma; or by a period, is translated as "there is (are)," and sometimes a "that?? is in-

serted before the -next verb, if any:

After LP: A +14 4.A 4 g=F1 (there are many races in the territory of China)

After IP: 4; 'r.1.21.1rA itg, 44 Z--11 (concerning this problem there are various

kinds of opinions)

After a comma or a period: 4i (there are many people [that]

like swimming].

3. functions as an an adjective maker when it forms with a "diseontinuent" structure, i.e.,

... with an idea noun inserted between":

4it isl; n.3b (orderly movement)

* Z 41 41- (brave youth).

3.4.5 VWVerbs of Adverbial Quality

There is a group of Chinese words often used to expkess the state of the verbs immediately

preceding them. Words" of this group also serve very conveniently as verbal indicators. Gram-

matically, their function resembles that of adverbials. However, there is a grammatic gap be-

tween these Chinese words and their English equivalents. In Chinese they are adverbials; but

their English equivalents are verbs followed by a participle or by an infinitive. For example;

in the sequence is an adverbial modifying the verb (do). The correct translation of

the phrase is "be unable to finish doing." ("Be unable to finish" is chosen for 4 t instead of

- -Z-7:7;:-.737-74W1
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When a VW is preceded by a verbal in context, a linguistic rule will cause these wards to

reorder, causing the VFW to precede the verbal. Thus, the two words are rearranged according to

the English word order. Tag 3 of the VW is scanned to find the indicator of the correct form for

1 the verbal, and a proper indicator is accordingly Moved into the verbal tag 13. GrarnmatiCally,
1

the verbal is still the main verb; the Chinese tags of the verbal tags 2 to 11 are therefore moved

into the second to eleventh position of the VW, and the verbal is ignored. The English equivalent

of the VW will have the proper conjugation, tense, and voice when it comes to the pass in which
1

subject and verb are found and connected. An example of a linguistic rule is:

:77s,:c

a.- ,7_..

`''0,ann9t because "can'? cannot have-the future tense fOrm t-4.11.41! _" shall be un-

able to--#nish dohig.6) Other examples of such Chinese words and their English translation are:

. 1. #) (succeed in doing)

(continue doing) .

3. f && 4- ill (be able to dc,4) .

Both classifiCation and linguistic. rules are used to bring about" the shift of gramrnatic classes

in the simplest way fof the-Machine.

These Chinese,words are classified as VW instead of as ADXXXX because sixteen tag spaces

are needed for the shift to verbal.. Tag 3 is used to indicate the correct English verb form of the

English equivalent of the Chinese verb preceding VW in the Chinese word sequence. This is

decided by looking at the English translation of the VW and the English usage. The other. tags,

through 16, are left blank:

4

VICODOCCODOC + VW3 2 Vw3 2 + ITXXXXWOOM 1

VW3 2+ VXXXXXXDOOK4-1

IMOOMOCXXXX 2

+ VXXXXXIOCCCX- ]P - - -'t

Some of these words are regular verbals when they are preceded by nominals or verbal in-

dicators such as E, G, or AD. For example:

1. 4e.i ik lb 3 (he has succeeded)

2. 4hig- Pi 1 rittl (we have obtained victory).

In such cases, another set of regular tags is made in the dictionary entry with its proper trans-
lation. When the above situations arise in context, a linguistic rule will cause the machine to

choose the proper set of verbal tags and translate accordingly.
-4
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::Ax-ithinates (See. table 3- areTtfords that are donunctialy latowna. denionstratives.-- This..,

-class has two tag: iiidiCate.s the major class and tag 2 indicati?.S the,numbe?.'---sjiigular
-Ig) plural txarnpleS -of iiitlimates include; --(this), (these),: (that), to -b..- .

(some), OS? (sine);and --(various). In the relationship between arithMates and nouns (syno--
nomes) the irithmate changes the =Or tag of thoie classes. For example:

t-a ;J:. these s Mall-matters)

2. As A,. (that-PerSon)

3, 0:417.71A7 {that iiite of plant);
&Ex:,

3.6 SYNONOMES

-Sy nonomes (see Table 3-6) are words that are commonly known as classifiers. This class has
two tags: tag 1 indicates the major class (3), and tag 2 indicates the translatability of a word (T
or U). Some examples of translatable synonomes are:

1. WI (class)

2. (cup)

3. lit (batch)

4.4 (ton).

Some examples of untranslatable synonomes

2. 9,
3. 4+

4. 443

Synonomes include measurement words such as it, (foot), fel, (mou), and f (catty).

After the processing of rules, tag 2 will change to indicate the singular (S) or plural (P) form
of the English.

3.1 NUMERALS

Numerals (see Table 3-6) are number words that have two tags: tag 1 indicate;: the major
class (U), and tag 2 indicates the singular (8) or plural (P) form. Some examples of numerals are:

1 (one)

(two)

341



e- .....'.: ;,....-

41e- -r-f,"77-7=7
7::-_-'ql.-..,.. -:-.N--- -.-

..I--;" __..__________Ft,k-,:-.--1...,_-__,..tc-.7.1c...;,,..--7.i-=.-,-- '-e- - .-- .' *- t k - .&2_._,.:..t...._ ....t.:1?....t."--,;7_ .._. ,,,_.. ; ,,,,,,, .._,. -c,7z-. --. . - '----'----, --- --
-= - -. - --- ,- 4,- ....

..--1- .- .....!,.. ., Tr.T.--*e ...,:.

- r,.. ... -

. ,. ..,_
41.!,&. , _ ... , . .

. ._ . . . .

ghifrOit

7.4.2t--:(1***2141-lipa

(minion)

9. (zero).

..

After the processing of rule; the English tags can become one of the following live forms:

Arabid (UA), irregular* (UI), UT in relation with OE,' UQ in relation with OG, and OH. Illustra-
tions of how these are converted to English granimatic tags are-as follows:

:5,1. U+ UP + UP + UP UA+ UAL- UA + UA (5,432)

011i (j) + UP2 UP3 LTI2 + UQ3- (thirty -sixth-,-%

1 UP + UP (fi UT + 131 (twenty thousandL.:.%.

These various gnglish forms are necessary because the change from Chinese to Erglish numbers

is not uniform in each case. A further Study of this will be made so that all possible number

combinatiow in Chinese will be correctly translated.

3.8 CONJUNCTIONS

At present, conjunctions (see Table 3-6) have only two tags: tag I. identifies the major class
(J); and tag 2 indicates equal conju.notion (C). Examples of conjunctions that have been analyzed
are:

I. Av? (and)

2. icz.; 4- (or)

3. al (and).

3.9 AUXILIARIES

Auxiliary verbs (see Table 3-6) include such words asS-ii X4.1 (must) and ije`./as, ;R.
(should). In the processing of rules during the verb phrase making phase, the auxiliaries will

help determine the verb and its proper form. At present, tag 2 serves to identify the particular

group of auxiliary verbs. It is expected that the auxiliaries will be conjugated in future work.

"3.10 CON-ADJECTIVAL-ADVERBIALS

**ere are afew words WhOse funOtions are unique. It is not convenient to include them in or
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.organipe them into,lingliistic classes. TherOore, a class wig an intUal tag79, the con-adjettiyal-
__

.adVerbi-41LlaSs, is createdlor these worts (see Table- 3-6). Each word with the Waal 0 tag has

an
.

alphibeeletter AS the Second SO that instead of being referred:10 by Chiciide, which comoli-

: pates. the:ma-Chi:ie. Operition thesewordt are referred to by unique tag words, All these words

.1.41re.sPereific rules- to go.with there, As the -linguistic analysis continues, this 'class.is expected to
.

increase.

3,10.1- OA. (ei)

Since 3t., is used much more as an adverbial marker than as a noun in political texts, it is

temporarily classified as OA.. When this. word is used as a noun in words such as (level

Pe(plateau), anda ip Ar...! (farthing la.p.d),the longeSt match method Ls-used to enter

the words as one dictionary entry. in the present lhrggisdc analysis, OA is considered to be an

adverbial marker., Some exampleS of rules concerning this word are:

1. AJXXXX1 + 0A2 ADXVI011

2. AXXXXX1 + 0A2 ADM:JUL-1

For example:

1. ilk It, (happily)

2.1 44 $.c.J (indomitably).

When we progress to the study of scientific texts, this word will be considered as an N/O

ambiguity..

3.10.2 OB (4)

Word OB overlaps with the GX class. When it is preceded by a pure noun and followed by a

verb or verb ambiguity, it is considered to be a GX. If it is preceded by a verb or verb ambiguity

and followed by an A and a XXX, it is considered to be an adverbial marker. Rules and examples

concerning this word are:

1._. N/_+ OB/GX2 + .17/N3 .N1 + OX2 4-- Vs: qie, 41 .5- IP- (we must work)

2. V/Ni + OB/GX.2 + A.)0EXito + iii Vz + AD200as + 1074 Y. it.- tf Vs.."BM (work

very smoothly). .

Words such as (I. pi (obtain), t* 4 (gain and loss), and 44 4. (offend) are considered as

longest matches.

4k-
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`s-'word _is considered-to-be anAdjectisial marker. When it precedes:any noun, it makes the
iVhcilelp14'ise adject.va1.- The whole phrase.is maSked and a:regular adjectival tag word is genera-
led:40r IinguisfiC operati6ns. A rule concerning.erning. t word.i.s:

. . _

1 XIdEIMODC2 + taX0OX

For example:

. (anti-ptiople)

2. 6Ar (a.nii-Communisi party).
. .

3.10.4:, OD Ok ,49 )

There is a group of words whose members are all translated as "time" and function as
constituents of Pdverbial phrases when preceded by numerals. These words are classified as OD.
In one of the linguistic passes, When OD is preceded by a numeral, both the numeral and the OD

are masked and a new adverbial tag word is generated for linguistic operations. An example of a
rule generated is:

UPI + 0D2 + ADRIOX

For example:

)ti,. (three times)

2. --- (one time).

3.10.5 OE (k_

This word overlaps with the connominal class in linguistic classification. When it is pre-
ceded by anything other than a numeral, it is considered to be in the connominal class. An ex-
ample of an ambiguity rule is:

$ irg + 0E/DOCKX $UX + IXXXIC

When OE is preceded by a numeral, it causes the numeral to take the UT form; both words
are masked and a regular adverbial tag word is generated. An example of a rule is:

a 11131 + OE/11000C2 UTt + 0E2 ADRIOX

For example:

a !.'',.fists (eighty percent).
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When this weird occurs, the numeral following it will be moved Into the front position. If the
resultiiii phrase precedes an HM or :a nominal, "of" is added and a regular adjectival tag word is
generated' for ling tic purposes. If it precedes a phrase indicator (K) or a verb or verb phrase,
an adverbial tag word :is generated. for the purpose. _Examples of rules .a e:. .

1. OF1 + UP2 + HIVI3 UX2 + OFi 4. of + AJRXIM

2. OF1 + UP2 + 1=3..31202a + ADRIOX + KXX3

For example:

-6 iz`.Z.-tit (thirty percent).

3.10.7 OG

When this word is preceded and followed by numerals, the first numeral takes the UG form
and the second takes the UI form. The order is then changed. An example of a rule is:

e 'JP/ + 0G2 + UPs U13 4- UQ1

For example:

(two fifth).

It is regretted that "fifth" (UQ) is not pluralized. It is hoped that this will be corrected after more
operations and rules relevant to this situation are added, At present, there is no pluralized entry
or table of UQ forms.

3,10.8 OH (%)

The numeral following this word takes UQ forn- . An adjectival tag word is generated if it
precedes an HM or a mminal. An adverbial tag word is generated if it precedes a phrase indi-
cator (K) or verb or verb phrase. An example of a rule is:

OH/ + UX2 +11M.3 ua MR= IIM3
For example:

e .:- (second).

3.11 PUNCTUATION

Punctuation marks (see Table-3-6) play an important part in determining the end of a struc-
ture; Whether it be a phrase, a sentence, a. series of words, etc. Some punctuation marks generate

." ;.

.1" ' Z. .-if '.,14; 12"
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rules to Indicate- phrase segmentation. Tag 1 indicates the major class (P) and tag 2 indicates the
particular punctuation mark. For example:

1. PC (,) KCI + PC + KCT

2. PP (.) KPT + PP + KPI

3. PE (1) KPT + PP + KPI

The following gives the general investigation of punctuation marks:

1. ! . ? terminal markers i:kdicating end of sentence

2. " "for titles, rei..rks, idioms, quotations
3. « » for book titles
4. 0for additional clarifications of a previous phrase or clause; additions
5. for passages omitted
6. : for beginning of remark or stateiriet

1for five functions:

Separating adverb independent or adverbial phrases: t 4e3 IC 411 lk
4.4 fi, (among these, we have discovered many errors)

Separating clauses: t 6.1 ,4; ++ tta4t4- +-Pt- -irck
are comparatively better, some conditions are very poor)

Separating noun phrase or clause from main verb: .41k; 4e3 Ak. CO.L. IF
&a 4-+- M. -t1 (we from realigation of work of agri-

cultural technique reform, have resulted in this kind of basic experience)

(some conditions

Sepxatfrig main clause from phrases: kit. 414: 1A lgt
!L ;IT 'al. (reform of agricultural techniques must have clear aim, de-

siring economic effect)

Separating a series of verb-object phras 4SCA A.
A42 C tel 414 ... ifIlliftpeople of our country have raised ...

flag, have developed ... spirit, have won over ... disaster and economic difficulty)

8. for indicating series:

Can take the place of "and" between two series: 1..1--11i j .14 PI- (important raw
materials, materials)

Among:series of three or more: Itt 4441, .t.-7 ¢ el.t.r (wheat, oat,
cotton etc. important products (HM) production production of important products of wheat,
oat, cotton, etc.)
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S. ; Sometimes used in place of comma.

3.12 SPECIAL WORDS --H CLASS

;..=.....r-am.cer=eratvecalaWaffil'

A special word class (see Table 3-6) was created for those words that do not belong to any

specific functiorial word class but are nevertheless grammatically important. Tag 1 identifies the

major class (In and tag 2 identifies the specific word.

61 is given the tags HM. This word has been discussed in many papers, notably in great

detail by the University of California.? H1 functions as an important syntactic marker for the

various forms of noun phrases we have analyzed.

4.el is given the tags HN. This word serves to pluralize NH and NM nominals. A linguistic

rule is generated in the linguistic processing operation:

NlViX3CDOCUA + HN2 NMXPIMODOCI

is given the tags HZ. This word has functions similar to those of 69.

3.13 CONNOMINALS

The words that introduce adverbial phrases, but seldom need adverbial phrase ending words

are classified as connominals (see Table 3-7).

3.13.1 Connominal Position

The connominal class has five position tags, as follows.

Connominal Tag 1. An I in the tag 1 position is used to distinguish this class from other.

classes.

Connominal The tag 2 position is used for alphabets so that -each group of similar

connominals can be easily referred r.o without looking up Chicodes, and thus without extra machine

operation.

.Coratominal Tag 3. The tag 3 position is used to indicate whether special lockup for certain

words is to be made to decide the correct translation for a connominal that has more than one

English equivalent. The letter R is used for regular connominals, which have only one translation

or whose translations can be decided by linguistic rules. The letter I is an indicator for those

connominals whose correct translation requires looking into the verb tags. An A is used for can-

nominals whose translation is found after a lookup for special adjectives. The letter C, indicating

that a'comparative structure is involved, is for connominals.

_ o~_,112,
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Connorninal Tag 4. This' is a position tag that indicates the relative position of the connominal

to the word concerned, so that the correct set of tags of another class can be consulted to find the

correct equivalent.

Connoirinal Tag 5. This tag is used to indicate the major structure of the phrase following the

cone minal involved. The letter N stands for the 11011II phrase; the phrase following the connominzl

is usually a noun phrase. The letter V indicates that the phrase following can be either a noun

phrase or a verb with its object. This tag is useful in locating relative Clauses.

3.13.2 Connominal Words

Since there is great difficulty in deciding the correct translation and the correct function of

the group of words we call connominals, the following is only part of this group, concerning which

some analysis has been made. The analysis is by no means complete. it is hoped that the list and

the information tags will be increased in the near future.

IAAAN (q, fe<tta z-5 ). This set of connorainal tag words is used for the irregular tags of

the four Chinese words indicated. The regular fu. action is conjunctional. Three irregular translations

have been found:

1. Translated as "with": PI am together with him)

2. Translated as "as ": ,. (this is same as that)

3. Translated as "from ": j, filstiii] (this; is different from that).

IBRRN ). Since these two words are usually followed by another verb that seems to

carry more grammatical importance and more mearing, they are classified as connominals in-

troducing adverbial phrases instead of as VTBI verbals, which are followed by an object and an

infinitive complement. The approximate English translation found is "for":

1. ( t., j%:3" ;I am concerned for him)

2. 44 it, VC1. 4 4 AL (he will bring for you).

ICIRN (54). Since this word is used in many different ways, much stwiy of it has been done.

It has been decided that the best way to handle its many translations is to include the information

in the verb tags, since it changes its translation according to different verbals (see Section 3.4).

It is one of the connominals that is included in the following structure causing re_Jrdering and

insertion of words:

3 73

* NI + IC2 4 N3 + HM4 + N5 - N1 (possessive) + N5 + of + N3

1
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Some emmples are:.

1. fe4 at # no it, (his study of histary)
2. -/S4* SI 4C. 61 tjt, (my opinion of him) .

IDIRkent We have also found that the translation of this word varies with the verbal. This
information is also included in the 7erbal tags ',see Section 3.4). In the conditions when it is fol-
lowed by a collocaave terminal or when the seventh tag of the following verbal tag ward contains

a zero, it is considered to be a colkeative. For example:

4e:411 ell 40-hiti-4 (they move toward the south

IERliN ). Besides being a VTBW verbal, this word is also considered to be a connomi-

nal. When it is preceded by a VTBW verb, it ic a connominal introducing the indirect object and

translated as "to." When it precedes a transitive verb: it is translated in two ways: (1) as "for"
if the transitive verb is followed by an cbject, anti (2) as "by" if the transitive is not followed by
an object. In the latter case, the transitive verb be changed into the passive voice form. For
example:

1. Translat(41 as "to": t (/ lend to him a book)

2. Translated as "for":1Lct 411 14 Aft, (this matter has brought
some difficulties for is)

3. Translated as "by": lifr tst 1(this thing has been found by him).

11111.111Ktaa When*(TN11) is followed immediately by a nominal, its function is' the

same as that ofe.,(11311). The sole function of this class of connominals is the move of the direct
object before the transitive verb. They are also called pretransitives. Sometimes (YNI1) and

v4g (YAM also have the same function. In such cases, the function is indicated in the verbal tag

word. Some examples of members of the above class are:

1. it.,e_a.t.44-4 (he has forgotten this matter)

2. iCs 4...141*)t (he has lost this thing).

!GRIN (*' -1). At present, this word is translated as "concerning," but more study is ex-
pected to be done on it. An example is:

Ai 5.11,t Wrkfroneerning this matter, he has not declared opinion).

:FIRM (4&4 This group is translated as " according to." Both 1G

and 111 can introduce phrases that end with a member of the collocative terminal F class In such

eases, the coilocative terminal overrides the connominal.

3-39
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i 2. Translated as "let": A 4,1:k.Z...* (e. 4113t.t.igAtitt (we decide that we let them
i

IIRRN (42). This word also overlaps with the collocative class. When it is followed by ani-

mate nominals (human collective, pronominal, etc.) it functions as connominal and is translated

as "by"; if the following transitive verb does not l_mve an object after it, the transitive is changed

into passive %Tice. If the transitive verb has an object following, then it is translated as "let" and

a set of its irregular tags as VTBU is taken. Otherwise, it is considered to be a collocative and

translated as "from." For example:

1. Translated as "by": t4 is). 4, ti, (CA . 'M(tW matter is managed by them)

manage this matter).

1.7RIV (S)? i- ). This word can be followed either by a clause or by a nominal phrase. When

it is followed by a clause it is considered to function as a conjunction introducing an adverbial

clause. Because of lack of time, it is classified as ADRIOT when it functions as an adverbial

clause introducer. When it is followed by a nominal phrase, it is a connominal and is translated

as "because of."

liaBV (h). The translation of this connominal depends on its relative position and on the

kaformation carried in the verbal tags. When it precedes the verb, it is translated as "for." In

such a position it can introduce a nominal phrase or a phrase made of a verbal and its object. In

the latter case, the verbal is changed into the present participle form. When it is preceded by a

verbal, it is translated in two ways. This is indicated in the eighth tag of the verbal tag word.

Some examples are:

1. Translated as "for": A .itli-hitI..113.01 (we are happy for you); e iith- &AAA V---

(itg kilitilMwe support Vietnamese people for resisting imperialism)

2. Translated as "into": ?t, el ? fig,' ir Q IM a ttc, $.e..., (they intend to change China

into colony)

3. Translated as "as": 44% 4? /J, #E h 4441 fii-if 44 (we consider this as our duty).

ILRRV Thislit This word always precedes the verbal to which it is attributive, It may in-

troduce a nominal phrase or a phrase made of a verbal and its object. The verbal is changed into

the present participle form. The connominal is also translated as "for,"

INRPN (hot/ h) and IORPN (at ip Itp4; Tag 10 of the preceding verbal shows whether
4

these two groups of words are connominals or verbs. If the tenth tag contains an N, IN is

3.40



considered to be a connominal and is franslatid as "into." If the tenth tag contains an 0, I0 is

considered to be a connomin9I- and translated as "as." For example:

2.4 41146tAtt %V (they change wilderness into rice fields)

2.4v, Afr (we elect him as chairman),

1QM-M A ). Any phrase that follows this group of connominals is con-

sidered to be an adverbial phrase and is masked in the linguistic process. Both words are trans-

lated as "especially":

I. ,t4sti 5 j ¢ (especially this kind of product)

2. r, (especially in China).

This is the only group of connominals that can be followed by any phrase other than a nominal.

IUCAN When kt k(IJ11 DK15) precedes a nominal phrase, it is considered

to be a connominal instead of ADCROU. This group of connominals is a comparative structure

indicator. Due to the lack of time, comparative sentence structure has not yet been analyzed. The

future uses of this class have, however, been established. Aside from introducing an adverbial

phrase, this class of connominals also causes the attributive, if there is one, to take tha compara-

tive form of the English equivalent.

LgAmt ( it, ,ka ?to )
;11 4.1 44: The first three connominals of this class are some-

times related to special adjectives such as-- 0. and 0.1 44. . The fiiv.h. tag of the special adjectives

indicates the correct translation. When these connominals are not followed by a special adjective,

they function in the same way as the remainder of this group and are translated as "such as,"

introducing a grammatically independent adverbial phrase. For example:

1. 42 44-41-1):.4 (I like apples same as him)

2. A '1!:!..14Arvrall'a 4 ,4- 4-.4 9 (some agricultural products, such as pigs, sheep, etc.).

ITRRN (i.A). When this word appears in context, a processing tag will immediately search

for IK (4-3 ). If IK is found, this word is considered to be a verb. If IK is not found, it is con-

sidered to a connominal and translated as "with." For example:

-114- ti it1/4 "LA itttio(we should tackle this situation with courage).

IUCAN (;L Ai This group is the negative of the IR group. It also indicates the com-

parative.sentence structure pattern. For example:

1. -iv ;e t& 5.14t.st#(1 do not run as fast as he)
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2. A. ..','tom (I am not as fast as he).

IVAAN (g)t This word becomes connominal if it precedes either of the two specialiadjec-

tivesIL andA.._ or a synonome phrase. It has two translations, and the fifth tags of these two

adjectives indicate which of the forms to take. For example:

1. Translated as "to": A- it its ILI_ (my home is very near to the base)

2. Translated as "from":12..P6- RA 04 tlf..irc4; (this place is very far from civilized

world); A ti ,t..4 3 b .12..f. (this base is five miles from Taipei).

3.14 CONVERBALS

Converbals play an important part in the analysis because, aside from solving verb ambigui-

ties, they help to indicate the time and aspect of Chinese verbs, which have no inflection. Con-

verbals also include indicators of negatives, present participles, indicators of paSsive voice, etc.

The converbal class takes four tags, as shown in Table 3-6. Tag 1 indicates the major class

(E). Tag 2 indicates the types of converbals, such as tense indicators (T), negatives (N), present

participle (P), passive voice indicators (A), and relative clause indicators (R). Tag 3 refers to

tense indicatorsinitial (I) and terminal(T)which designate whether the tense indicators go

before or after the verb. Tag 3 indicates the tense for the negativespresent (P) and perfect (E).
''tr4Tag 4 ait.ths time refers only to tense indicators, and gives the tense--future (F), present pro-

gressive
Tgag

(R), and perfect (E).

Some examples of converbals are:

1. Tense and aspect indicators itt.,e_A(initial), 3, 31,1 (terminal)

2. Negatives 41, it t
3. Present participle-

4. Passive voice indicator

5. Relative clause indicator #11 .

3.15 COLLOCATIVES

The words concerning positions, time, and direction, which involve a discontitmous structure

or introduce an adverbial phrase or clause, art classified as colloc Alves. As shown in Table 3-9,

the colic:teatimes are divided into two categories according to their position relative to the phrase

they -enclose.
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!tat Colltive Initial_(Ll)

Words that indicate the beginning of a collocative structure are clatsified as collocative

initial (LI)._ Some wimples of such words are: Itt and511 . Words such asftj, Ak,

, and t#4, Which-introduce adverbial phrases, sometimes ending with a collocative word, are

also included in this category.

3 15 2 Collocative Terminal (LT)

Collocatives that are at the end of a coliocatve structure are classified as collocative termi-

nals (LT), Examples of such words are: ,-F 2 andZiel . Words that shown direction and posi-

tion, such astfah. and #4, and idiomatic expressions such a4 a 4 t, andAL.Its, which may

be the end of a phrase beginning with a connominai such as A or.a..ti, or with a collocative,

(A or A., are also included in this class.

3.113- Collocative Rules

To find the English equivalent for a collocative discontinuous structure, the collocative initial

and the collocative terminal must be found and compared. For example, i& ....k is translated as

"on ...," andA '"h is translated as "to the south of .,.." The collocative terminals and col-

locative initials are therefore further divided into various subclasses. Rules are made so that a

certain class of collocative initial preceding a certain type of collocative terminal takes one of

its two English forms, and vice versa. Some examples of the collocative rules are:

1. LIA1 + + LTA2 + LT22 +

2. LIDi + + LTA2 . L12 +

Each collocative terminal has an adverbial form. When a collocative terminal is immediately

preceded by A. (LID), it takes the adverbial form and LID is deleted. The rule generated is:

LID' + LTX2 ADRVOTe,

For example:

1. Sot j (in the south)
2. A. (above).

When a collocative terminal is immediately preceded by any LI except LID, it takes the nominal

font -said-the LX takes the regular form.

A rule,generated is:

:141:k2 + L'172 Llli + ND3SON00602

rr
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4. SYNTACTICAL ANALYSIS

The relationship between morphology and syntax and its problems-and resolutions was ana-

lyzed in this course of study. This section includes discussions of noun phrases, verb phrases,

collocative structures, connominal phrases, and noun phrase-relative clauses. In each analysis,

the types of structure and their definitions are given, and the problems embodied in the syntactical

analysis of the pamrnatic function of these structures are defined. The feasibility of the linguistic

rules for application in machine translation is defined and illustrated through examples. Reso-

lutions of the various problems of syntactical linguistic analysis are also discussed in this section.

Linldng the verb to its subject in sentences is also discussed, and illustrations are given for

the processing of this type of operation. To further enhance the details of this report, two sen-

tences (Section 4.7), illustrated in art form, show the step by step linguistic prenessing.

All examples and illustrations given in this section are taken from the text material of ,

"Hong Qi" magazines.t4

4.1 NOUN PHRASES

A careful study of noun phrase structures and of their relationship to other phrases and struc-

tures at the sentence level has been made. In this study, the elements of the noun phrases were

considered so that the proper recognition process for such phrases might be determined. In the

investigation of all the possible combinations of noun phrasge, it has been discovered that certain

rules must be parsed before the search of the general table is made for noun phrases. Noun

phrases have therefore been grouped into five categories, looked up sequentially. Over 150 noun

phrase rules, which with programming will cover most of the possible noun phrase situations, have

been established.

Briefly, the common types of noun phrases are as follows:

1. Noun phrases that require no reordering and include two nouns in succession or a noun

with preceding modifiers (numerals, arithmates, .synonomes adjectives, etc.) For example:

4-1
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AJ + HM + N: 41 41 ++- (beautiful girl)

U + S + AJ + EM N: ICI- 6,9 1 (a progressive country).

Noun phrases that require some reordering and addition of English words or involve more

than one noun. For example:

Al' + HM + N N+ ikc k- *LS- (machine in sets)

N1 + HM + N2 - N2 + of + N1: t 14 Y-31 t (prosperity of China)

N + JC JC + N: tilif4 I J (China and U.S.)

R+ U+ S+ A+ HM + NR+ U+ S+ of + N: trt ';71 411,,S-(these three

Noun phrases that include in the structure a collocative phrase (LP), i.e., noun phrase

The noun phrase collocative structure will be discussed in Section 4.3.

Noun phrases that include in the structure a connominal phrase (IP), i.e., noun phrase

5. Noun phrase-relative clause structures. These will be discussed in Section 4.5, although

,they are considered to be noun phrase structures.

The noun phrase lookup operations have been tentatively divided into five categories. Basic

linguistic operations for the noun phrases consist of reordering, inserting, altering, deleting, and

Anagldng.

Categorty.1

The.:firstf.category Is concerned-with basic .noun,phrases that must be looked up before sub-
.

lequefit: l'Thid,process -.includes, four ruled.



wiimapcar...tairsmboigkiliita.aVe&itA

1. ND3SON000V =woo= ND3SON000V NXXXXX1XXX

(liquidate, (exercise, (liquidation movement)
liquidation) movement)

The V in tag le indicates that the first noun is a noun form of an original veer. The function masks

the first noun, and a 1 is inserted in tag 7 of the second noun to indicate that it is .a.loun phrase on

the first level.

2. SVTBWXMCXXXFAX3EXX NCXIODOODEX 14,00000MX $VTBW300000aXXXXX

(protect, protection) (U.S., American) (people) (protect

AJROOT NIDEDIX1XXX

American people)

In this situation, the rule toes not apply if the first tag word is VTBW. When "anything except

[$--1 VTBW" appears in this situation, the word will apply. The first noun alters all its tags

to adjective lot m and is masked. The seventh tag of the second noun is altered b 1 to indicate

that it is a noun phrase on the first level.

3. NHXKOXXXXX NOXMOCXXXX NXXPDXXPXX NXMOCK1XXX

(reporter) (union) (reporters' union)

This rule applies when the first noun is human type and not capitalized and the second noun is

organizational type. The function alters tag 4 of the first noun to plural form, and tag 8 indicates

possessive case. The first noun is masked, and tag 7 of. the second noun is altered to 1 to indicate

that it is a noun phrase on the first level.

4. NHXXPXXXX`C NOXXXXXXXX NXXXPXXPXK NXXXXX1XXX

kigt- 41:.

(Kennedy) (government) (Kennedy's governnient)

This rule applies when the first noun is human type and capitalized and the second noun is organi-

zation type. The function differs from example 3 in that proper names are not normally pluralized

br the first noun. The function does not alter tag 4 of the first noun, but it indicates possessive

case in tag 8. The first noun is then masked, and tag 7 of the second noun is altered to 1 to indi-

cate that it is a noun phrase on- the first level.

44'
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'The above examples are only a few of the rules included in category 1, but they are used to

illustrate the types of rules and the operations used for this category.

4.1.2 Category 2

The .second category covers apprcximately 120 rules of noun phrases cn the first level, and

includes operations such as alteri;ig, inserting, or deleting tags, adding English words, and re-

ordering or masking tag words. This category deals with general noun phrases, since the ex-
.

ceptional noun phrase first level looknp that is syntactically required is performed in the first

category. The following are some examples of the general noun phrases covered in category 2.

1. - RS/ + UP2 + SU3 + ADRAXX4 + AJXXXX5 + 11M6 + NXXXMCOMC?

tt Mk Ell re_

(this, (3,. (very) (fine)
these) three)

RP/ + U12 + ADRAXX4 + 43100005 + Nxxlwcixxx,

(these three very fine vases)

(vase)

By the longest match in the argument, when this rule applies, the function alters tag 2 of the arith-

mate (RS) to plural (RP). Tag 2 of the numeral (U) is designated irregular (I) so that it is trans-

lated as "three." Synonorae untranslatable (SU) is deleted. Tag 4 of the noun is designated plural,

and a 1 is inserted in tag 7 to indicate that the noun phrase is on the first level. Words 1, 2, 4,

and 5 are masked, since these words are modifiers of the noun and are not essential in the oper-

ation for linking the verb to the main noun.

2. US/ + SU2 + APXXXX3 + HM4 + MODOCXXXXX5 Uli + NXXSXX1XICC5

(one, an)

MXXXX3

(abroad) (overseas Chinese)

abroad)

(an overseas Chinese

When this rule applies, tag 2 of the numeral (U) is changed to irregular (I) so that it is translated

as f` an." Synonome untranslatable (SU) is deleted. The third tag word, APXXXX, which refers to

a type of adjecacal-adverbial class that should be pladed after the noun, is reordered to follow the

noun, and tag 2 is changed to adjective form (J). HM is'deleted. Tag 4 of the noun is singular (S),



binceithe:nuMeral (U) is Sing0Lar, and a I it, inserted in tag 7 to indicate a first level noun phrase.

13Oth UI and-:A=CC -are Masked, since they-are- irrevelant to subsequent operations.

RSi + ST2. + AtThOMX3 + iThir4 + MUCCODOCK5

4.4t isr ifg -JJ

(that, (kind, (legal, (action)
those) kinds) legally)

+ of + AJXXXXa + 14XXSXXIKKX

(that kind of legal action)

In this example, the 9rithmate singular (RS) alters tag 2 of synonorne translatable to S. The English

word "of" is added, and --M is deleted. Tag 4 of the-noun is altered to S to indicate singular, and

the seventh tag altered to 1 to indicate that the noun phrase is a first level phrase. The first

three 'tag words and the English word "of" are masked, since they are irrelevant for subsequent
operations.

4. XXX + NMICCEXXICal + HM2 + NXXIOCIODOCX3 + KXX KXX NMXXXXXPXXI

(I, me, we, us, etc.) (home)

+ NIODIXX1XXX.3 + MCC

home)

(my

This rule may be applied last when phrase indicators (KXX) are found before and after the noun

phrase. Tag 8 of the first noun indicates possessive case, and HM is deleted. A 1 is inserted in

tag 7 of the second noun to indicate the first level noun phrase. The first noun is masked.

4.1.3 Category 3

The third category is concerned with the processing of noun phrases on a second level. In

Category 2, noun phrases on the first level are processed; therefore, in category 3,- noun phrases

that include in the structure a connominal phrase (IP), noun phrases that include one or more first

levelnoun phrases, and noun phrases that include one or more first level noun phrases and are

separated by HM -are processed. Operations include reordering and masking tag words or first
level noun phrases, inserting English words, and altering, adding, or deleting subtags.

The following examples demonstrate the operations of noun phrased that include a connominal

phrase in the structure.

4-5
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C

kV 11 KCI
K

+ + ICXXX + KMX + NXXVOC M CCOODCOUCI + HM + MT2 [KPTCT
X4 4,,LAA.4)J x)t.

KCIKVTI + NXXXX)C2XXV2 + of 4- NXXXXXXOX; + [Kyr]LKCT

(attack of International Workers' Movement)

a

This rule deals with the ICXXX (at) connominal phrase within a noun phrase. Phrase indicators

at the beginning and end of this phrase are necessary, before this rule can apply. In this particular

translation ICXXX is not translated, but the nouns are reordered. In the function, the first noun

retains all its subtags but a 2 is inserted in tag 7 to indicate that it is a second level noun phrase.

The objective case for the second noun is indicated by an 0 in tag 8. The English word "of" is

inserted between the two nouns, and "of" and the second noun are masked for subsequent passes.

N
[2. NXXXXXXXXXi + KEE + ICXXX2 + ICMX + N + PS + N + JC + NI + HM4 + NXXXXXXXX1C5
N + JC + N J3

;ft if, RI

KCI
KPT
ICMX + LTX
$ + UP TO NEXT VXXXXOXXXMCCXXXX g

NX3DOCXXPXXi

(American dominating group's

N'XXXXXX0XX 8 8

N X X X X X 2 X X X 5 + o f + NXXXXXX0XX + PS + N N 0 - to + JC + N 0 - to

NMOCXXXOXX + JC + NXXXXXXOXX 3

further.persection of U.S. Communist Party

KPT
K1VLX + LT
$ + UP TO NEXT VXXXX0XXXXXXXXXX 6

,)

In this example, the tag words are again reordered and subtags are altered according to function.

The above example actually shows 12 rules, since the tag words within the brackets show different

*The braikets include the alternative tag lords, one of which is required.

f
11:114 Z;"*.'7t4 ;

.4



The-seditind_Atath-iii the itniction Is not maska, since all its tags are retained for

subsptient passes. Ambiguities in the translation of the !limns are resolved by indication in tag 8

of the-tag word: Again the IC'XXX is not tranblated because it functions as a reorder indicator and

is therefore -untranslatable.

vemeariazairgass3=06

N
1

. 3. (N)t + EH + IAAAN2 + KIVDE + N + PS- + N + JC + NI + HM4 + NrOpCCOMV5
. N+JC+N J3

454,
*It. -A f Ic lir g 4- i5

KCI
[CPI`
EltlX + LTX

(NXXXMCPXX)1 + NXICOCX2LICX5

$ + UP TO NEXT vxxxxxxnucomurx
(my struggle

{NXXXXXX0XX+. IAIXX2 N - L - 10 4. PS + N -: 0 - 1° + JC + N - 04. - 1°

N -- 0:8) - " + JC 4- N - L -- 1° 3

with Communists

[KCI
KPI

4. KEIX + LT
$ + UP TO NEXT ArXIOCXXX30000MMOC

,)

This rule concerns the IAXXX connominal phrase within a noun phrase. The first noun

enclosed within the parentheses indicates that it need not be present for the rule to apply. The

above example actually indicates 24 rules, since tag.words within the brackets and parentheses

show different possibilities. The connominal IAXXX selects the translation "with" by altering its

tags to IAIXX (English grammatic tags), since the other two translations deal with special adjec-

tives, and in this rule the other translations do not apply. Tag 8 of the nominals is changed to

select the proper translation for the case. All tag words are masked except the fifth tag word,

which indicates that the noun phrase is on the second level.

"iireinT.,in parentheses hiciidate.0 that the tag word may or may not "be used.

:



r

4, $1713NIMID:XXXXM + toppcxxixxxi + NXXXXXXXXX2 svirBwxx)=Ex
sP-

Ipopm2xxxt, , + of + IfiaMOODOMI

(progressive enterprise of each country's people)

z

The above rule shows the reordering of first level noun phrases in relation with other nouns or

first level noun phrases. The English word "of' and the second noun in the function are masked,

and only the first tag word is left for subsequent operations.

4.1.4 Category 4

The fourth category deals with nouns or noun phrases that are separated by conjunctions or by

series indicators. For this type of noun phrase, the subtag must be altered t6 Indicate that the

verb to be linked with it is to be pluralized.

1. NX3CODCOCXXi + PS2 + NX)DOCXX1501X3 NXMCXXXXXX/ + PS2 + NXXAXXJXXX3

(peace deniocracy)

2. IDGMIXXXXXi + JC2 + NXXXXXXXXX3 NXIMXXXXXI + JC2 + N)GODOLDOM3

(U.S. and China)

Tag 7 of the second noun is indicated by a J, so that in the verband subject linking pass a rule will

be generated to pluralfte the verb. A J is put in tag 7 so that tag 4 (the number tag for the tag

word) retains its original form.

4.1.5 Category 5

The fifth category deals with noun phrases that include HI) (1i 14). The following ex-

amples mask the HD but retain the number tag for the noun for subsequent passes.

1. ITXXXXXXXXX + HD -. IsI)MXXXXXXX + HD

(Roosevelt, Kennedy, etc.)

2. NX2CXXXXXXX1 + HT 2 + NXXXXXXIODC3 ITIMODOODOCI + HD2 + NMCXXX,TXXX

filif 4,1freit.- I -4 (Roosevelt,- Kennedy, etc. people)



r.

the'tietikbiegair.pie, a-jit-Put in tag 7 Of the second noun as an indicator so that the verb to be

linkedItY tbit noun-Phrase will be pluralized.

The above five categories deal with noun phrases on the first and second levels. Noun phrase

collocatives are resolved in the collocative structure pass (see Section 4.3). The noun phrase-

relative clause, which includes a noun modified by a subordinate clausel.is discussed in detail in
Section 4.5.

4.2 VERB PHRASES

A Chinese verb phrase is a series of words that includes the =in verb and/or one or more of

the following elements: converbals, VW's, auxiliary verbs, and adverbs. These elements may or

may not be priasent in the verb phrase structure. They aid in the specification of the English form

for the Chinese verb (such as tense and aspect), which by itself lacks inflected forms. Some of the
problems that have been found are:

1. The fact that converbals, auxiliary verbs, and adverbs may not be directly next to the verb

in the processing sentence

2. Determining the word classes of individual Chinese words that influence the verb phrase

with consideration to uniformity of subtags, translation, and their position relative to the
verb

3. Determining the extent to which the converbals, auxiliary verbs, VW's, and adverbs aid in

resolving verb/noun ambiguities

4. Determining what operations must be initiated before inserting the verb phrase initial and
terminal indicators.

The following examples are given to show some of the verb phrase patterns discovered during
the course of the analysis.

1. ADCVXX1 + VXXXXXMCXXXXXXXX2 + ETTE3 KVI* + VXXXXXMODOODOCEX2

tte ;Kit, I, A

+ AD e1 + KVT*

more clearly)

010
*KVI and KVT are verb phrase initial and terminal indicators.

(has/have exposed

4-9
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=

tiep* 4,4t4Fiuti

axxxxq KVIr+- GB1

+ VXXXVOC<XICXXX,+ riO.A15rt _ + KVT

-Suppre-SS ,u* . unser`vpula sly)
r-*"

(must

10 EMI. + A1)XVXX2 + VXXXIthiXTM3 - Kin + mothoocxxxxxxmq.

:ittPtt $..: IL (are being developed

+ ADXVKA2 -+ KVT

prosperously)

11. VTEXXXXXXXXXXXXXi + VTAXXXXXXXIkil KVI + VITAXMCCXX)EXXXICCII

-4E- (attempt futilely

+ vxxxxxxxxxmaxxx2 + Krr
to destroy).

The verb phrase pattern shown above are but a few of the hundreds of patterns possible when

we take into account the quality and position of adverbs, auxiliary verbs, converbals, and verbs.

To include all forms of the verb phrases for the machine oriented linguistic analysis, specific

operations to be accomplished for verb phrase :lookup have been spelled out. The series of oper-

ations for verb phrase making is as follows.

,1. Determinin Phrase Initial and Terminal Indicators.

matching verb phrase list, do not consider. AMMO; i.e., jump over (or temporarily

mask) ADXXXX: (This is done because ADXXXX can occur in any position in a verb.

phrase). For example, EXXX + ADXXXX +.VXMCDCOIXX3OCXXXX matches EXXX

+ mosiodappoimocxx.

Jump
'over

(or temporarily mask) VMHXXXXXICXXXXXXXT E
B D

if

411[1-1XXXXXXXXXX=C%, VW3OIXXIDEXIMCXXXX. (This is,done because
T

tifirIXMCXXXX3POPCXX can occur within a verb phrase pattern in a series of moreT

to,p,Vicgptple, EMI t,11[13,:,410Q020pCXXIMCX2
4:1



4`z.

-+ Vrila5PCXXIMPPXXXX3' rtlij000601141COOCRX4 matches E)=4

ITXXLMODRCOC10,11(XX4.

If the above does na apply, treat V[Tif
gD
1XXXXXXX/iXXXiDE as a regular verb and

d
13

match. For example, MOP; +
ilAXXXWOOMPOOE2

1 I) + vw,lor)=-4
patches EXiOri + V35001X/OCXXXXICaC2 + VWXMOriOCIWOCXre.3.

If match is found, insert XVI (verb phrase initial indicator) before verb phrase arid'

insert Kr; (verb phrate terminal Indicator) after verb phrase.
-N.

2. Operations Within Phrase Indicators. Examination is made for the presence of certain oc-

currences within the verb phrase initial and terminal indicators. If these following occurrences

do appear within the verb phrase indicators, operations are specified as follows:

If VWXXXXXXXXXXXXXX is present:

If VW is not preceded by V, VW takes the verb regular form, which is specified

in the lexicographic entry. The rule is:

swffotffoopacxxxlcal vwxxxxxxxxxxxmovvvococoaparmooc2

41
vinopcxxxxxmcocroci VXXXXXXXXMOCXXX2

(we go down)

If VW is preceded by V, VW reverses position with V, and tags 2 to 11 of V are

inserted in VW, with a W inserted in tag 9 to indicate that it was originally a VW.

Tag 13 of V indicates infinitive (I) or participle (P) form depending on the VW.

The V is then masked. The rule is:

irpropocccosm000ci vw3X;xxxxxxxxxxx2 Inocoornarxxxxiocc2

. .

+ loocxxx)OrioCXXXXP

doing)

(continue

If ENXX (ADICXX1t) is present immediately before the verb (or with an adverb

between); indicate negative form in tag 12 of V, jumping over ADMOCC. The rule

is:

SI

1
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ENXXI + (ADXXXX) + VX2CXXXXXXXXXXXXX2 VX710=1:XXYXXXX

- (do not like)

if VM[1:1XMCXXXXXXXXXX is present and followed by V, the 14,11 [1 le takes the
T g E

tags 2 through 11 from the V, with an E inserted in tag 9 to indicate that it was origi-

. nally a Vrrl Tag of the V is changed to e form), and the V is then -
T E Tag

masked:

VIB irbbacoom=c, + yxxxxxxxxxwx,
.47 it Ai

xOrmpoc, + Intompocxxxxpara

(attempt to destroy)

ft if EXXX is present, put the qualities of EXXX into the verb and. delete EXXX:

ENXX + .VXMODEXXXXXXXXXX VXMOODOODOEYX)OCX

ETIF + VJOEXMEXXXXXIOODCX VICOCXXXXXIOCXXXFX

If ADXXXX is present, the following sequential operations are necessary:

Put the fifth tag of ADXXOX (tense indicator) into tag 15 of the verb. For example:

ADXXOX + (GX) + VXMOOOODCXXXXXXX ADXXOX + (GX) + VXMODCMOCODOCICtiX

Reorder ADXVXX and mask.ADXXXX:

ADMX4 + LOX) + V30009DODDOaCXXXX2 (GX) + NiX30EXMOODOCODOCX2

+ AD3EVL-XX

,ADXXXX Amothat

If GX is present, put a G in tag 13 of the verb and mask:

GX + 9 11 '0 0 44 GX + VXXXXXXXXXXXGXXX

4-13

-



1111011MOOMMINMEMMEMOMMIIIIMIV.
..

A

-- It is-hoped that-the series of operations indicated above will cover all possible occurrences of

varied:forms of verb phrases and can therefore keep the verb phrase lookup table down to about

1.00 entries to determine positioning of phrase indicators. The series of operations within the

phrase indicators. will hopefully cover most operations to indicate both English grammatic tags

for the verb and masking and reordering operations for subsequent passes to link the verb with the

subject.

4.a dOLLOCATIVE WORDS AND STRUCTURES

Collocative structures include prepositional structures that are indicated by collocative ini-

tials or terminals, i.e., those words concerning positions, time, or direction (see Section 3.15).

The collocative structure may involve a discontinuous structure such as4. I, (under) or it may

be an adverbial phrase or clause with a single collocative word indicator, such as 7 (from) ...,

(besides).... The collocative structure may be isolated from the sentence by the recognition of

the presence of a collocative initial and a collocative terminal in a discontinuous structure such as

(beginning from this time) or the collocative structure may be indicated by

only a collocative initial, such as in AA fa': 4:a !irt Jtk. (from Taiwan and Taiwan strait),

or by only a collocative terminal.such as in I K. e:cit (in capitalist countries).

The problems concerning the analysis of the collocative structures can be divided into two

levels: word and structure.

4.3.1 Collocative Words

First °Lail, collocative initials must be differentiated from collocative terminals. To deter-

mine _low the translation is affected, a comparison has to be made between collocative initials and

terminals when they occur in the collocative structure as initial and terminal words. When this

comparison is fairly well analyzed, the collocativesare then divided into categories according to

their function in the translation scheme. Thus, for example, 41. (from), which is classified as

.LIC, in ttie-discontinuous structure of 2A (LIC)...t it,. (LTD) has the translation: (blank)(LI1)

"according to (LT1)...", while in the discontinuous structure of A4 (LIC)... (LTE), the translation

is "from (LI2)....." The ambiguities of words such as csj (10), (L/V/E), and r. (L /S), which

have other functions than that of collocative, must be resolved through linguistic rules.

:
Ound-sandlndiCatect When the initial and terminal points of the collocative structure are found,

4.3.2 Collocative Structures

There is little difficulty concerning the problem of segmenting collocative structure(s) from

the rest of the,sentence if the structure pontains both collocative initial and terminal words. If one

,collocative word ,is present without the other, the terminal or initial point of the structure must be



structure inItIal and terminal indicators are inserted. The content of the structure must be re-

ordered, and-significant tags are then indicated for proper translation. At the same time, the cor-

rect translation form for the nollocative word(s) is determined. The collocative structure should

be masked, since it is a. modifying phrase or clause and is not needed for the verb-subject linking

pass. When the structure is not at the beginning of a sentence and followed by a punctuation mark,

the collocative structure should follow the verb and its object.

Collocative words have been discussed in Section 3.15. This section is therefore concerned

with collocative structures, and collocative initial and terminal words are mentioned only if they

are relevant to the clarification of collocative structure processing.

The collocative structure processing has been tentatively divided into the following steps:

1. Ambiguity resolving of collocatives

2. Inserting collocative structure initial or terminal indicators

3. Collocative structure segmentation

4. Translation of collocative words

5. Reordering within the collocative structure, and masking of collocative structure

6. Reordering the collocative structure t-,a a syntactical level.

4.3.2.1 Ambiguity Resolving of Collocatives

Words such as \J (L/1), it,. (L/V/E), (L/S), and 1" (L /V /O), which have tag words besides

collocative, are parsed in linguistic pass 1 and their ambiguities are resolved if possible. This

process can bg illustrated by giving the following rules and their examples:

1. $UX + LTC/VTA ~ 16 /OD + KXX $UX + LTC + KXX

4.34.4t

(under this kind of situation,)

1 is a word that can belong to more than one word class: collocative, verb, or 0 class. In the

above rule, with anything exc41/4 a numeral precedingT, which is followed by a KXX (phrase or

structure indicator),`f: is a collocative, as in the phrase illustrated above. If a numeral precedes

it is an OD, as in---Ronce)and41 (twice).

2. NTXMCCOCUX + LTE/VBE le /EIBO + KCI NIIODOCXXUX + LTE + KCI

(for more than forty years,)

4-15
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is a. word with mOre7fnn one-Class; collocative, -retbal., or donverbal. Ii2 the-abcie rule,

when-sit is, veceded' by a of time numeral and1011tirwed by KCI phrase indicator, it is a

c011ocatiVe, such as in-E. ÷)34...,(fOi. iliree-months)) and r-in "---tjEt.-,(for-tweiity yews,).

4.3:12 Inserting Collocative Structure Initial or Terminal Indicators

The insertion of collocative structure initial (KLI) or terrninRI.(KLT) indicators is processed

in linguistic pass 1. A minor indicator (KMX) is inserted after a collocative initial and before a

collocative terminal. This is to segment the elements within the collocative structure for reorder-

ing purposes in a later process. The following rules are utilized in this set of operations:

1. LDC KLI + LIX + ICMX

2. LTX KMX + LTX + KLT

4.3.2.3 CollocatiVe Structure Segmentation

Further processing of insertion of collocative structure initial or terminal indicators is nec-

essary when the collocative structure contains only a collocative initial word or only a collocative

terminal word. In this phase of operation, structure patterns are matched to determine insertion

of indicators. In th= course of the analysis some patterns have been found, but they do not include

all possible patterns.

1. KU + IXXXX/ + KMX + N 2 + KMX + LTF3 + KLT KLI + LTF3 + KMX

A.-

(to workers)

+N 2 + KLT

2. KCT + KIT + LIB + KMX + N 1° + V

v1 ti-cz fflA..,A -1 Z. ft

(proceeds cruel persecution toward the U.S. Communist

+ $11 + UP TO NEXT + [KCI
LICXXi

1
KPT

HM

t
KCT + KLI + LIB + KMX + N -10

Party and progressive force of the United States)

+ KLT + KVI + V 16 4- KVT + + UP TO NEXT + KC/1
ICXX [KPT

The above example illustrates that search must be made beyond the collocative structure itself to

determine the collocative structure's terminal point.
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3. KLI + LIX + KMX + (12251
LIX UP TO NEXT + NT340N0010 + KCI

414,4a -41% 41- As 41041k# 119 al of

(at /in the same time of stirrifiguppositively and expandinipartial agressive war,)

]-' KLI + LIX + KMX + SFLEL-Tx-
TX

+ UP TO NEXT + NT3SONO0I0 + KLT + KCI

is
4 KLI + LIX + $ {IA1.-1 + UP TO NEXT + KMX + LTX + KLTLTX

tr. ri] &xi) 411 4k14.
ig

(in struggle with reactionary dominating group and its agent)

KLI + LIX + LTX + KMX + $ r 141X1
LL

+ UP TO NEXT +TX

The above example illustrates a collocative structure where both collocative initial and terminal
words are present in the structure. The terminal word is reordered to follow the initial word so

that the translation lookup for the collocative words can be accomplished.

4.3.2.4 Translation of Collocative Words

In this pass, a table has been prepared so that the proper translation for the co/locative initial

and terminal words can be looked up. Each collocative.initial word has two translations: Lit and

L12 in dictionary Hi; Each collocative terminal word has four translations: LT1, LT2, nominal,

or adjectival-adverbial. To look for the proper translation of LIC + LTD (AA + ), the

table gives a rule: LIC + LTD LI1 + LT1. In dictionary III, the LI1 entry forAA has no trans-
lation, and the LT1 entry for A it,. is translated as "according to." The proper translation for

+ is therefore "according to." To look for proper translation of LIC alone, the table

gives a rule: LIC L12. In dictionary III, the L12 entry for AA is translated as "from."

It.Iordering Within the Collocative Structure; Masking of Collocative Structure

Within the collocative structure there may be elements such as nouns, noun phrases, relative

clauses, or clauses. These must be reordered and grammatic subtags must be inserted to give the

proper translation.

After the elements are reordered within the collocative structure, they are masked and the

entire collocative structure is ready for syntactical reordering.

To illustrate this process of reordering and masking, the examples given in Section 4.3.2.3 are
utilized. In example 1, the structure indicators have been inserted, and the collocative terminal

'-.=-,;d:V
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(LTF)2his-been.reorsiered-to iollow.the structure initial indicator (Ku). The collocative structure

.appeared as fbli005:

1. Kix 4.- 104 ItMX NZOCUCXX= + T KLI + LTF KMX + NXXXXXXOXV + KLT

workers)

Since the eleinent within this structure is a nominal, it requires no z.eordering. It is masked for

subsequent onerations.

In example 2, a rule of similar nature applies, since the element within the structure is a

nominal phrase that has been reordered in the nominal phrase operations:

2. XLI + LIB + KMX + NXXXXXXXXX + KLT KLI+ LIB + NXXXXXXOXX+ KLT

tai -Af1.4 / (toward the U. S. Communist Party

and progressive force of

the United States)

In example 3, the results of the segmentation pass give the following collocative structure:

3. KLI + LICX/ + (LXX) KMX + (KVI) + V - sa + (ICVT) + JC3 + (KVI) + V ~ i + (ICVT)

4.4! 41L. tt 42 k
N-r NT3SONOOIN + KLT

1:1 itt ft *cif fal 04;

The reordering of the elements within the structure is as follows:

4. KLI + LXXI (LXX) + NT3SONGOID + of + Or_....DCXXXXXXPXXXL±Aa

(Win the same time of stirring up positively and

+ VXXX30000EXICCPXXX4 + NMOCIKXXOXX5 + KLT

exPanding partial agressive war)

example 4 Of Section 4.3.2.3 (example 5 below), the element within the structure is a nom-
,

-been-reordered in=the nominal phrase operations. Therefore, only masking is
=

tthis=pasS.



5. E;LI LIX + LTX + KMX + + UP TO NEXT + KLT KLI + LIX + LTX

+ KMX + $
LIK
LTX

1-4 !14)%t 41r LL
tit3

+ TO NEXT + KU'

struggle with reactionary

dominating group and

its agent)

(in

The noun phrase collocative, such as 4-1 b kid, (people in China), is also examined on

a syntactical level and reordered in this phase.

4.3.2.6 Reordering of Collocative Structure on a Syntactical Level

On a syntactical level no reordering is necessary if the collocative structure is: (1) at the

beginning of a sentence and followed by a comma, (2) preceded by a comma and followed by a

period, or (3) preceded and followed by a comma. The collocative structure is reordered to follow

the verb or the verb and its object. In all cases; the entire collocative structure is masked in this

phase, and no further analysis on this type of structure is made for future passes.

The general operations on collocative structure have been defined in this system. However,

to cover all the possibilities of the structures within the collocatives as well as the syntactical

qualities of the collocative structure, concordances and further research should be made in this

area.

4.4 CONNOMINAL PHRASES

Connominal phrases are adverbial phrases that are introduced by connominals but do not have

adverbial phrase ending words. These phrases can also be introduced by connominals and ended by

collocative terminals. The connominals used to introduce such phrases have five tags. Tag I in-

dicates the major class; tag 2 is an alphabetical designation to distinguish similar groups of con-

nominals; tag 3 indicates whether the connominals need special lookup for a correct English trans-

lation of those connominals that have more than one English equivalent; tag 4 indicates the position

of the connominals in relation to the word concerned, I.e., It indicates whether they are preverbal,

postverbal, preadjectival, etc.; and tag 5 is used to indicate the major structure of the phrase fol-

lowing the connominals involved, i.e., the connominals may be followed by a noun, a noun'phrasi,

a verb, a verb phrase, etc.
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Theltoblems invoived13n connominal analysib are as follows:

1. Ambiguity re.solution of connominals that have more than one tag word, e.g., M can be a

coraorninal as well as a conjunction (I/J)

2. Determining the beginning and end of a connominat phrase and the insertion of cimmominal

phrase initial and terminal indicators (KH, KIT)

3. Syntactical reordering of connominal phrases and syntactical operations to determine the

proper translation of the connominals.

In this year's study, some aspects of these problems have been solved. However, for expansion of

tags and rules, further research in these areas should be done.

4.4.1 Ambiguity Resolving of Connominals

In linguistic pass 1, an attempt is made to resolve ambiguities concerning connominals that

have more than one tag word. This is done by looking up a table of linguistic rules for a certain

sequence of words and resolving these ambiguities by deleting the tag word that is inappropriate to

the sequence. For example:

$[114+ SWIFXXX + IFXXX

In this example, anything that precedes SWIM= (RA ) except arithmates and numeIals resolves

the ambiguity to IFXXX. Therefore, in the sentence 4iti4CALit011 (he has forgotten this

matter), StI/IFXXXis changed to IFXXX because4C... (he) is neither arithmate nor numeral. The

IAAAN /JC (61/4.1tu 1-g ) can be resolved at this level through a series of sequential rules.

ii

1. IAAANIJC + V* - 18 + $ + UP TO NEXT + V N 0 JC + V

+ V - 0 - le

....oppress)

....mmtwalCs.wl..

18

t.14. (and support

* The V's in these six rules. include A/V and V/N.

440

+ $ + UP TO NEXT



it
UP-TOITENT4

ft
+ t + - 15

cominimis.-0066. struggle)

-1

11

3. IAAAIi/JC + 16 (immediately follOwing I/J) $ + UP TO NEXT + V - 0 - 16 JC

+ $c 16 (immediately following I/J) + $ + UP TO NEXT + V
11

- 16

Latin America promote)

Fr

11

4. IAAAN/JC + - 16 (immediately following I/J) + $ + UP TO NEXT + V $0 le

ffl It. it i.k; k
ii

IAAAN + $17 N 16 (immediately following + $ + UP TO NEXT + V - - 16

(with reactionary dominating group and its agent struggle)

5. IAAAN/JC + -V +

$V 1C

$17 16 + UP TO NEXT + }MX JC + V - 16

+ UP TO NEXT + 190t:

partial agressive war the same time

6. IAAAN/JC + $1r- M 1° + UP TO NEXT + IOCX JC + - 16 + UP TO NEXT

_It kik t..1).:1/4

I)

(and expand

(and

(and U.S. people masses

The. six rules indicated above initiate a search for verbs or phrase indicators that resolve the

ambiguity OfIAAAN/JCI_ For-the first two_rulesr.if -there is a verb-immediately following
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IAAA-NPC, tag :'of the-second -vent yresokieS.the,,aptignity. For the hirCtanctiourtliTule,- if

there IS-no-verb immediately folloWing1A.A. AN/JP, look for the next series of:twill:Is-to find a verb.

If a verb is found .tag .11 ofAhe verb reaolvea the ambiguity of IAAAN/JC; For the fifth rule, if a

verb _immediately follows IAAAN /JC and There is no other verb present up. to the= next structure

indicator (KXX), the ambiguity is resolVed as conjunction (JC). For the sixth rule, if there is no

verb following immediately after IAAAN/JC and_ up to the net structure indicator (MCC), the

ambiguity is resolved as-conjunction (JC). More rules will be added to this set of ambiguities.

4.4.2 Deter i the Beginnin: and End of Connominal Phrases and Inserting of

Connominal Phrase aid Terminal Indicators

In linguistic pass 1, connominal phrase initial indicators (KII) are inserted before a con-

nominal word, and a minor indicator (KMX) is inserted after the connominal word. The minor

indicator is necessary, since it aids in the parsing e noun phrases, verb phrases, relative clauses,

etc., in subsequent-passes. The rule utilized is as follows:

IXXXX + DDCXX + KMX

uag (according to)

To find the terminal point of the connominal phrase, this operation is made after ambiguity

resolving and after forming of noun phrases, verb phrases, and collocative structures. Some of

the situations by which the terminal point of the connominai phrase is found are as follows:

1. KII + IFXXX + KMX + N VTA/N + $ HM +
f

CV/N

ft -t. 4h, 4g=f-E4 $.1 f2tj

UP TO NEXT
[WI
Lim]

KII + IFXXX + KMX + N_10

(military expenditures

(IP)*

+ UT? TO NEXT + [KCTI]

to highest point of peace period)

*The word IPinclicates a connominal phrase.

V.

[+ KIT + KVI + VTA - 16 + KVT + $ HM
V/N

increase

;



+. "

(economic difficulty of monopolistic group

_

KWI"

KV'

shift....)

3. K I I + =XV + K M X + V + N-'10 + JC + V - 18 + N 10

-e *2 fr*Jie

=

+ KMX

13 8 13 8

+ =XV+ KMX+ V - P 18 + N - " JC + V - P 16 + N 0 - + KIT + PCXX1
V j

controlling world and initiating world war open....)(for

After the connominal-phrase terminal point is found and the rzonnominal phrase terminal in-

dicator (KIT) is inserted, words may be reordered and tags may be changed within the connominal

phrase (See example 3 above). The tag words from KMX t. the last tag word of the connominal

phrase are masked, and Ka + DOOCX KLT is left for 7 eordering on the syntactical level and for

I translation lookup.

1A.3 Reordering iom PhrasesIrases on a Syntactical Level

On a syntactical level; no reordering is necessary if the connominal phrase is: (1) at the be-

ginning of a sentence and followed by a cemma, (2) preceded by a comma and followed by a period,

or (3) preceded and ,followed by a comma. Generally, if it precedes the verb in the prodeising

sentence, the connominal phrase is reordered to follow the verb or the verb and its object. If a

connominal phrase begins with the connominali IK (A ), IN ( ), or 10 (4P., 1p AMC) and the

phrase follows. the verb In the prgcessing Sentence, the verb subtag 8 or 10 is examined for the

correctlUleslortranslaticn and reordering. In the same pass, the proper translation of con-

. norninals will be looked up by reference to the verb connominal subtags. For regular connominals,

wht,,se tag 3- is-/t, (regular translation), no translation lookup is necessary. For
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irtegUlak-connorainaLs,.e..,..eiminoMihals-Whoge tag.3 is I (irregular translatiOn), the verb con-
._

nornina subtaga--4, 7, 8, and II are referred _to so that the proper translation may be determined.

Further study will be Made in this -area concerning other discontinuous Structures in relation

to connominal phrases, expansion of connominai snbtagd, and elements within the connominal

phraSeS.

.

4.5 NOUN PHRASE-SELATIVE CLAUSES
.4

The noun phrase-relative clause,* in the Chinese sense, is a noun or noun phrase modified by

a subordinate clause, which consists of a verb with or without subject and object. The verb 'may

take the participle, present, or passive forms in English, depending on the pattern and content of

the relative clause in Chinese. The entire relative clause becomes a noun phrase in relation to the

sentence structure. The word order in the Chinese pattern is different from the English, since the

head word is the last word in the pattern and is usually preceded by HM ). In Chinese, the

subordinate clause precedes the head word and is connected to the head word by HM. In English,

the head word precedes the subordinate clause, and the subordinate clause is introduced by ex-

pressions such as "of," "that," and "by which."

The problems involved in relative clause analysis are twofold. First, patterns of relative

clauses must be found and the operations must be determined to reorder the Chinese words and to

alter their subtags to indicate the varied forms these words will take in English. Second, the be-

ginning and end of the relative clause in the sentence structure must be determined and indicated

by structure initial and terminal indicators. Within this phase of operation, the head word must be

singled out for subsequent verb linking passes, since the relative clause behaves like a nominal in

the syntactic structure.

4.5.1 Noun Phrase-Relative Clause Patterns

The first problem is to determine the various relative clause patterns that can be found in the

sentence structure. In this study, patterns have been found whose translation and word reorder

vary accordingly to the quality of both the head word and the verb. These patterns are therefore

further subdivided for proper translation according to the quality of the head word and the verb.

The following - relative clause patterns are listed, and they are subdivided according to the

quality-of therverb.and the head word. Word reordering, subtag altering, and proper English cone

fleeting ivortadding.is indloted.

*The terms "noun phrase- relative clause" and "relative clause" are used interchangeably in

WS:report' .



nc-77.-..;

+ MIT + N2 (D)* N2 + of + wouppwappocpx4c

-A (144 (struggle of resisting Communist Party)

VXA.-F,Ni + HM + NXX[Si.,] (II, 0, 1, E, B, P) + that
2 P2

AAtc, ov,A, (people that

+ VXAXX/COCXXXXX[SpiXX +

resist Communist Party)

NXX[Bli + VXA + N2 + HM + N3 -1. N3 + by which + NXX[Spit

**1 t *0 k.t (policy by which Government

VXAXXXXMOCIODEI XX + N2

manages country)

EROO (HT. ) + VXA. NM + MCX{S] NXX [S] that + VICAMOCXXIODCXXMXP

(wages that are decreased)

NXX + BROO ) + VXA + NM + N2P

+ VXAMOCXXXXIOCX[S4bC

decreas)

N2 that + XNjciS1
LPii

(wages that company

NXXH VXA HM + 1T
2 + + NXX + VXMOOCXXXXXXXMXX

MINIMINI116111.1111l
es (fa -(wages that company decreases)

Othe$.0e bid Cate the-secOnd,tag of the nPzIling.,
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2, VIO Verb*.

VIO NX41( C, P) NXXN 4- that + VIOXXXXXXXXXX[spiXX:

(people that run); 44 47,1 agc (country that is independent); Se, EsZt

(horses that run); (trees that grow)

VIO2 + HM + ND2 N2 + of + NXXXXXXIODart

*X e it (theory of preparing war).

3. VXBI Verbs:

VXJ3I1 + N2 + V[1
B 3

+ HM4 + NXX[S] -e NXX[STI] + that + VXl3IXXXODDCXXMXX
P 5 r 5 P 1

+ NXIODOOCOXX2 + VXMOOCOCXXXXIXXX3: A (reasonthatcauses

him to go); itytjelic (people that permit him to go)

VXBI1 + N2 + AJ3 + HM4 + NXX[Spi NXX[Spj/5 + that + VXBDOCXXXXXXX[sp jXXI

+ NXMCXXX0XX2 + to be + AJ3: Ppi 'tit (matters that cause him to be

happy)

VXBI1 + N2 + VXA3 + HM4 + NXXN5 NXX[sll + that + VXBIXXXXXXXXX[*G7i

+ NX1OCXXXOXX2 + VXXIOCXXMOODCDCXX3: Afj Q13.1.;.11., 61;AOdetermination

that he'll; U.S. to attack); tt If (students that request teacher to

explain)

N1 VXBI2 + N3 + V104 + HM5 + Na N3 + of + NXXXXXXPXX1

+ VXBIXXXXXXXXPXXX2 + NXXXXXXOXX3 + VXXXXXXXXXXXDOCX1: 411 4kt
,,t,

4-% -(reson of our causing him, to go);
,

tlAr-,a,C411X.fitools.of the

11:S.'S causing Italian to surrencle/. 4-27
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mix =air =au

1

N1 + Via% + N3 + A.74 + Mtic, + NG No + of + IMXXXMMCI

+ VXBEOCCX=FMCX2 NMEXXXX0XX3 + to be + AJ4: RI

6104'102n of people's causing society to be prosperous)

NI + VXBI2 + N3 + WM,/ + HM5 + RS 4' of + zumoucxpxxl

+ WEBDC&ICIODDMDC12 + Nxxxxxxoxx3 + ommocxxxnuoce tc; tplb

,litv3(determination of our helping U.S.. to attack); tt, adreSt..

gAioli(method of teacher's encouraging students to ask questions).

4. VTBW Verbs:

VTBW + N1 + HM + NXX[S] N;Of[S] + that+ VTBW3OMIXIODEXXXP + to
P2 P2

+ NXXXXXX0XXI: till4t: (letter that is given to him); if ftJfiti lit (money that

is paid to him)

NXXIA + VTBW2 + N3 + HM4 -I- N5 N5 + that + NXX[SP iMOCS30C1

+ VTBWX10001:XXXIC[130C2 + NXICOMX0XX: it (letter that

give him); 4 6) 4.,i; (money that I pay him).

The above patterns would be relevant only if noun phrase-relative clause initial and terminal in-

dicators had teen indicated in the processing of linguistic rules.

4.5.2 Noun Phrase-Relative Clause Operations

The noun phrase-relative clause operations consist of: (1) determining the beginning and end

of the noun phrase-relative clauses and designating initial and terminal indicators for these struc-

hues, and (2) reordering within the relative clause to give the proper translation and masking all

words except the head word for verb linking. Environments of the relative clause must be examined

to determine the 4nftial and terminal of the relative clause. It is possible that the relative clause

may cm :lain collocative structures and/or connominal phrases. This phase of work needs more

detailed analysis for the future. As indicated in Section 4.5.1, there are many noun phrase-relative
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clause patterns in which words are reordered to derive the proper translation., depending on the

content of the tag words. Future studies may produce more patterns than are shown in this report.

The following examples demonstrate the process of locating the initial and terminal points of

the relative clause and the reordering and masking of these structures.

1.
gLIM.]

iY + VTM +

it falkk, i4 f 14

+ PIM + N + KCI + PC

6:2 3.311:4-1

+ KCT + KVI + VTA [Kel + KRI + + NTT rA] + N3 + HM4 + N5 + KRT
2

+ KCI + P C + KCT + KVI + VTA*
F 1

+ KRI + NXIMOCRX3014 + by which
ICC

K.P. I

(eRtens.ive struggle by which

4=1 + rrnocKxxxxloc,3 141- XX2A

people of various strata oppose

+ NMCCOCX0XX3 + KRT + KCI + PC + KCT + KVI + VTAt

militarization)

The above example first gives the syntactical pattern as the argument. The first function inserts
the noun phrase-relative clause initial and terminal indicators. The second function reorders the

eleinents within the noun phrase-relative clause and adds English words for proper translation.

Subtags may also be changed, as illustrated in this example. In this structure, the person and

number tags (tags 3 and 4) of N1 are duplicated for the person and number tags (tags 13 and 14) of

the verb. The elements within the structure are then masked, and only the head word is left for
subsequent passes.

* This function inserts noun phrase-relative clause initial and terminal indicators (KRI. KRT).

t Tags 3 and 4 of the nominal are duplicated for tags 13 and 14 of the verbal.

* This function reorders tag words, adds English words, alters subtags, and masks elements

within the noun phrase-relative ciause.

.
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+ + VTD + IOTT + HM

41-243 4. A. 4: N"k g..) i 4:s= --f-

rKCI1
L ICPTj

KPI
+ KR1 + + KWI + VTD2, + KWT + HM3 + N4 + KRT +

Kc
+ KR1

[ir i
LICRTI KPI

KCT

NXX1OCXRXXX4

("respect of human rights," every- which Kennedy's category

one obtains liberty and equality

I
+ VXXXXIMIXXXX13 14

KCA + KRT + [lard

cries)

+ which + NX LXXXS_LXX

With the above syntactical pattern as the argument, the first function and the second function per-

form the operations as explained in example. 1. However, since the verb is VTD, the English word

inserted is "which" instead of "by which," and 111 takes the subjective case and the verb is in the

active toice.

[KCT1
KPI

N + VTA + KLI + LXX + KLT + HM

ve4t1;z3Icifi ha 4.4 fflAr

+ N + KCI
[KCKRI
KPI

1+ + VTA2 + KLI + LXX3 + KLT + HM4 -4.

+ KCI KCT[] + KRI + NXXXXXRXXX5 + that + NX11XXXSXX
B

1

(crimes that Kennedy's government :

I

+ VT 13 "'CAL+ KLI + LXX2. + KLT + KRT + KCI

adds on the U.S. Com-

munist Party)

N5 + KRT



The above example Illustrates the occurrence of a collocative structure within the noun phrase-

relative clause. The colloc.ative structure is reordered to follow the verb. The English word

"that" is inserted, since the relative clause pattern shows the proper form of translation for this

structure.

4. WI+ KVT + [VTAVTA + JC + VTX1 N

'14._ 42 it itkLtki

+ HM

111 VS1 + KvT KRI4vTA +. N2 + HM3 + N4
V

v'EA t

Eli MI

Kai[Kin 1T
1

S1 + kvt+ KRI + NX3 IC + that +

1 1jc vTxxxxxxxxxx13 um+ [KCI

and support oppressed people

[VTA
VTAXXX3OCIOCCX"143CK

(internationalists that sympathize with

and oppressed

national liberation

struggle on world 2 )

The above example illustrates a specific pattern where the verb k(to bc) is present. Reordering,

insertion, and masking operations were used for this processing.

These are only a few of the noun phrase-relative clause examples and the operations that have

been illustrated. The difficulties involved in analyzing this type of structure are in the deter-

mkation of initial and terminal points. More sentence patterns should be analyzed for a complete

processing of this type of structure.

4.6 VERB LINIONG

After the processing of major phrases and attributive structures, verbs are linked to the sub-

ject. At this time, all attributive structure Initial and terminal indicators (KM) are masked, with
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the exception of NCI, NCT, KPI, and KPT. Only major punctuation initial and terminal indicators

and head words of major phrases remain in the processing sentence. Verb linking sentence pat-

terns are then processed in the form of rules to derive the proper person and number for the verb

and to insert subject or connecting words between clauses.

Table 4-1 contains examples of some of the rules we have found in the course of our analyses

for subject and verb linking.

4.7 ILLUSTRATIONS OF LINGUISTIC PROCESSING ON A SENTENCE LEVEL

Tables 4-2, 4-3, 4-4, and 4-5 are used to show the Step by step linguistic processing utilizing

the techniques resulting from the present study. In these examplest sentence 1 (Tables 4-2 and

4-3) is a simple sentence and sentence 2 (Tables 4-4 and 4-5) is a complex sentence. Each sen-

tence is first presented in art form, giving the following information:

1. Original Chinese text

2. General translation for individual Chinese words. The lexicographic entr y for each word

gives all English forms with different inflections.

3. Chinese grammatic tags for individual Chinese words

4. Indication of changes made through the utilization of linguistic rules

5. Resulting English grammatic tags for individual Chinese words

6. Resulting English translation through the lookup of English grammatic tags

7. Numbers in parentheses in the examples refer to rule numbers in Tables 4-3 and 4-5 and

also indicate the precedence of rules.

A list of linguistic rules (Tables 4-3 and 4-5) utilized in the linguistic processing of the sentence

follows the sentence illustration. The linguistic pass number is indicated in the left column. The

numbers in the right column refer to the precedence of rules.

By using these illustrations it is hoped that the linguistic analysis may be further clarified for

a Chinese to English machine translation system as detailed in this report.
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fable 4-1 Verb Linking Sentence Patterns

+ and VTF + VTA and Other Verbs

1. Look for VS1 in the sentence. If any verb is between

VTG + , or VTF + , and VS1 + N + . change the verb

to participle form.

N1 4. [VTF
2

Irr p3 (N)4 + V5

+ (N)6 + VS17 + Ns + .9 - Nt
[VTF_I2

+ ,3 + (NYKAXIOCPXX)4

+ WOODOCXXXXXXODOE5 + (NXXXXXXOXX)6

+ VS1=00=C3SXX7 + N3 + .9

2. If VS1 is not in the sentence:

a NI + [rrir12 ,3 + N4+

". 4 + .* 4 .1, -61 ?a

VTF 2 "

NI + + +vT F ? V4....4

NI
1

+
TivTdi

VTF.12 3
+ (reproduce

the first N preceding rirrirrGFD + 1,4 ....

* An arrow from N to V indicates that the verb derives the number and person tags from the noun.

47.1!
ft

BW
1. Ni + VS1 +I N3 + ,4 + V5 + Ng

VTA _2

TB11
VS+ +Ns +s4 +V5 +Ne
VTA 2

rVTvi
2. NI + VS1 + Ns + ,4 + N5 + Vg ....

A 2 1

TTBVii Pi 1

-* NI + VS1 + N3 + ,4 + N5 + Vg ,...
VTA 2 1

1

I

I

I

i
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Table 4-3 Rules Used in Sample Sentence I

Palle
Pass wes Number

IA PP KPT + PP + KPI 1

PC. KCI + PC + KCT 2

1D IAXXX/JC4 + $2 + UP TO NEXT3 + V-XXXXX0XXIXXXXX JC1 + $2 + UP TO NEXT3 3

+ V,DEXXXXMIXXXXX4

1F NXX2MCMCX4 + 731/2 17,20030CIMX4 4

AARJX; + AJRXXX2 ADRA"Mi + ASR3=2 5

AAXXXX4 + GN2 ADX1=4 + GN2 6

1G ENV/4 + VX3MMXIDEXXXXXXX2 KVI + V=X2 + KVT 7

ADRYXX4 + GN2 + VIDIXXM=XXX/CCXX3 KV1 + GN2 + VXMLICXXXXXXXGXXX3 + ADRVICK + KVT 8

1H XXXI + vicxxxxmorxxxxx,q/kriccaxxxxx2 + HM3 + NDXXXXXXXX4 + XXX5 Mai 9

+ NXXXXXXXXX2 + ITh-13 + 16=1=4 + XX;

2A NOCODKXXXX4 + NXMODEX3=2 &MOOT* + NMI3=1XXX2

rIEcTIPI + $VMEDCXXXXXXXXXXX + MT\ + UP TO NEXT + ADRA.XX3 + AJXXXX4 + HM5
KMX 4 kiavv,

ICXXXXMC8
KCT
KPI + $1=XXXXMOCXXXXX + (KVT \ + UP TO NEXT + ADRAXXI+ NCX
KMXJ4 kxwv,

+ AJXXXX4 + ruccuxixxx,

2B Klas + NXXXXXXXXX2 + 11M3 + =MOM:CM; + iCiX5 XXX/ + NM:3=2XX; + of

+ N30EXXXXOXX2 + Mr;

' + JC2 + inOCCOMMIC3 - ITOCCOMOCC3 + 3C2 + NXXXXXJXXX3NXXXXMCDEK

5 Kr-54 + Nxinoccuor, + VIT3OMMOCKX10{XXX3 + PC4 + NX.3PMCXXXX5 + VTAXXXXXXXXXXXM4

+ NXXXXXXMEXT + PC8 + VTAXXXXXXXXX=X8 4- NXXXXX,DCKX18 + KPT11 KPI4

+ NX1PICXXSIOC2 + VTFXXXXXXXXX1PXX3 + PC4 + NX3PXXXSXX5 + VTAME=PXX8

N300CXXXOXX7 PC8 + VTAX3=3C3MX3PXX8 + NXXXXXX0XXID + P1344

*This is a combination of several rules. For details, see rules in pass 5 of rule file.
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.W4pEppig 140.-AANK
1

I
1

in/at the United States in the country

NC3SPF0000 LTA

KLI(4)*5- LID IZIX(4) icMx(4)

RUM LID LTA KMX NC3SPF0000

1,11 LT/(22)
*6

Lli" (24)

Kennedy

PC NH3SPM0000

KLT(4)KCI(2) KCT(21 NH3SP1410P00

KLT1(21)

(30)

Inside the United States

increase tax revenue

pir if, /K.

VTA0B00000000000/ND3SON0000 ND3S0N0000

KVI(19) VTA0B00000000000(19) KVT(19)

KWI(27) KWT(27)

wages

VTA0B00000000000;

PS3

attempt

ffl

VTE0000000000000/ND3SON0000

VTE0000000000000(10)

VTE00000E0003800(32)

attempts

VTAOB0000000P0004

increasing

further

Tabl

N

NO

NO

Kennedy's gave

PS ADRVOT

KVI(6) VI3A0B0020N000000

ND3SON00005- PSG

ND3SON00005 PS6

tax revenue

monopolistic group

Ilk 11-1
411

SU/IFRRN NO3SON0000 HM

KII(6) IFRRN(3)KMX(6)

Klii IFRRN2(26)

NO3SON00001 HM2

ND3SON10003 of

economy

ND3SON0000

AJROOT

KWI(27) VBA0B0020N000000(7)

VBA0B0020N0000007

VBA0B0020NOOP0001

lowering

difficult/difficulty

At

VBA

AJROOT/ND3SON0000

ND3SON0000(11) KIT(23)

ND3SON10003(14)

NO3SON00001

ND3SON2000(18)

KWI VTAOB000000000004 KWT

VTA0/30000000I000(3t)

to shift

KU! IFRRN2 KIT3(29)

N=000000031)
NJOCODOCOXX(32)

economic difficulty of monopolistic group

steneral tratislatio4 for respective Chinese words. The dictionary entry gives all English forma with different inflections.

ext.-

ramrnaiicAags for respective Chinese words and changes made through linguistic rules (Table 4-5).

isjilting;tFansii4dit. .

KtT3 (26)

"t' 6,



WV+

`abl

_ -
Table*tr-,,Sainple Sentence' II

.,gover nment

0- NO3S0N0000.

0

NO

NO

we

KVI(27),

NO3SON1000(12)

NO3SON1S00(32)

s government

adopt

1

VTA0B20000000000

T(27)

VTA0B20000003S00(32k

adopts

decrease actual

VTAOCP0200000000 AARVOT

KRI(27) KVI(20)

KWI(2 ?)

KVT(20) AJRVOT

KWT(27)

VTAOCP02000000001

ND3SONIi00010

wages

....T--.

NI3PON0000

NI3PON1000(9)

N13PON10002

of VTAOCP020000P0001

ND3SONR000(28)

ND3SONR000(32)

policy of decreasing actual

lower

ittc,

VBA0B0020N000000

people living standard

ft, It itilL

NE3POM0000 ND3SON0000

,-ADRVOT KVT(7). NE3POMOPOO

further

KIVT(26)

ND3S0N1000a

policy

ND3SON0000 PC

KRT(27) KCI(2) KCT(2)

ND3SON160(13)

ND3S0N10008 MM3 ND3S0N000010

peoples living standard

shift

TA0B00000000000

25) KW1(8)

(26) VTAOB000000000004

KWT(5) KLI(4i

KLI1

I

to

LIA

the United States people

irA vt

NC3SPF0000 NE3POM0000 LTB

KMX(4) AJROOT

LIA LTB KMX,

Ill LT1(22)

LI1

on
=... twowl...........

' , 1.7':'Cf'',,:,-'1' , ',, ' {
,

' r / ' ' . , ; '11

...P4Yq--091e.qe 0 rulers to rule nunliefdri,siA40.. 4,,5; and also indicates the-precedence of.rules.

iiiiti;*Oriasiced-_Ox deleted. See Table 4-5 fot details.

eF:-gpJlre..tispAtogImse:correct gnglish (onus.

on the body

KMX(4) KLT(4)

'NE5P0M1000(16)

NE3POM1000 KLT1 (21)

American

iiiS,c0§.i'indic4tps that orie

teelficlion410-:inforniation.conceriting

(30)

(24)

people

PP

KPT(1) KPI(8)
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Table 4-5 Rules Used in Sample Sentence U

..mmommomxImmao

Rule
Pass Rules Number.

lA FP TOT + PP + KPI

PC KCI + PC + KCT

1D + SU/IFXXX2 $--1-11211 + IFXXX2
RX

1E LUC KLI + LDt + KMX

LTX LTX + KLT .

EC= + DCXXX + 1011X

1G ADXVXX1 + VOCXXXX=2 KVI + VXXXXXXIODIXXXXXX2 + ADXVXX1 + KVT

V1' 1 + XLI2+ LIA3 + VXXXXXXXX30000004 + KWT + KLIt + LIA3

1

2

3

4

5

6

8

111 AA1OCXX1 + N3COCKMOCC2 AJXXXX1 + MEI< XXXXX:CC2 9

VTEMOXM + VTO + [Ka[J2

Kit Ka 10

NEIXXXXX'XX1 + AJ=OVNDIOCOODOIX2 NDXXXXXXXXt + NITODOOCOOCX3 11

2A NIFOOCPXXXXX1 + NOXXXXXXXX2 NEZaPXXPXXI + NO,OCOCLIO0C2

NEXXXXXXXitt + /VOCCOOOODC2 NIDCPX1OCPXX + tUDOCXXIX1OC2

AJXXXX1 + NICXX1COCXXX2 AJXXXXt + NXXXXXIXXX2

ND1OODOZOCI + NI)XXXXXXXX2 AJX/Ol_i_tX + NDIOCOCOCCIC2

NOODOCCOCX + NXXXXXXXXX AJXKXX + 100000C1XXX

12

13

14

15

16

2B ta t:I=CXXX + PS + (KVI) VTAXXXX300000000C + (HVT) + NIODO00000C + TIM 17

+ =MOOD= Iw operation

(8)

XXXt + NXXXXXX)00C2 + HM3 + NX3OCCXXXXX3 + 100C3 1004 + NX/000C2XXX4

+ of + NXXXXI0001% + 10005

PS + VTAXXXXXXXXXXXWMOCXXXXXX + MOCXXXXXXX + PS + KVI + VBAXMOOCXXXICOODC

+ KVT PS + KVI + VTAXMODCXXXXXXX + KVT + NXXXXXXXXX + PS + KVI

+ VTAXXXXX3i1000.300C + KVT

VTAXXXXXXXpOCXXX + NXIDOOCCXXX + PS + KVI + VTA1podocormompc KVT mocionamoc

+ PS + KVI + VTAXXXXIOCC6CXXXX KVI + VTAX/ODOCXXXXEOCX + KVT + NXXXXXXXXX + PS

+ KVI + VTAXIODOCXXXXX:XXX + KVT NXXXXXXXXX + PS + KVI + VTAXXXIOOOCOOOOOC

13

19

20

- 4-41



Table 4-5 Rules Used in Sample Sentence II (Cont.)

Pass Rules

3A-2 KLIt + LIX2+ KMX3 + $10CX4+ UP TO NEXT + KMX5 + LTX6 + KLT7 + $KLT8+ UP TO NEXT

+
[KCI 1 - KL111 + LIX2 + LTX6 + KMX3 + $10004 + UP TO NEXT + sKxxs 4- UP TO NEXT
10113

Ken
[KPTJ 9

3A-2 LID! + LTA2 L111 + LT12

LIA1 + LTB2 - L111 + LT12

Rule
Number

21

22

23

3A-3 KLI1 + LXX + (LXX) KMX + NXXXXXXXXX ICLT1 KLI1 + LXX (LXX) + KMX + NXXXXXXOXX 24

+ KLT1

3D KU/ + IXXXX2 + KMX3 + INUCCOOMDCX4 + KWI5 KII1 + IXXXX2 + KMX3 + "'NXXXOCCXXX4 + KIT 25

+ ICWI5

KIII + DCXXX2 + KMX3 + NXXXXXX=4 + KIT5 + DOCXX2 + KMX3 + NXXXXXX0XX4 + KIT5 26

4 VTAXXXXIODOCOMCX + KVI VTAX,CCODOODDOCXX + KVT + NXXXXXX:OCX + PS + KVI

+ VTAXIMOCXXXICOCXX + KVT + NXIDOCIOCCXX + KVI + VTAXXX3CXXXXXX= + KVT

+ NIODCXXXXXX + HM + 10000DCXXXX KVI + VT KVT + KRI + KWI

+ VTAXXXXXXXXX2XXX + KWT + /%000LDCXXXXX + PS + KW' + VTA=00001100DrAX + KWT

+ NXXXXXXXXX + PS - KWI VTAXXXXXX=OCXXX + KWT + NXXXXXXXXX + JIM

+ NXMOCIODOM + KRT 2?

KRII + KWI2 + VTAXXXXICOMCXXXX3 4. KW T4 4- NK:CCXXXXXX9 4- PS6 4- KWh

4- V TAXXXX,DOCODOCCK9 4- KW T9 4- NMOCXXXXXXio + PSit + KWII2 + VTAMCCXXXXXICCCXXI3

KWT14 NXXXXXMOCis HT1416 NXX/OCXXXXX17 NXIOMXRXXX17 + of

+ VTAXX.1CXXXXXXPXXX3 + 2110001:XX0XX5 + PSG ÷ V TAXXXXXXXXXPXXXG NXXXXXXOXX10

28+ PSu VTAXX7COCXXXXnocx NXXXXXXOXX15

+ IXRRX2 + KIT3 + KWI4 + VXXXX)0000DOOXXX5 + KWT6 + KLI7 KWI4

+ VXMCOODOCCOCUO0C5 + KWT4 KU, + IXRRX2 + KIT3 + KLI7 29

+ LXX + KLTX 4- [KCI 1- KLIX + LXX + KLTX +
[KLTXKPT1J 30KPT,

KU 4- mom 4- KIT - N5OCOCXXXXX 31

5 NX3SXXXXXX + VTAXMOCIOCCXXXXXX + NXXXXX:= + , + VTAXICOODOCOCXXXX

+ NICXXXXXXXX NX3SXVASXX + VTAXXXXXXXXC3SXX + NXICOODCOICX + ,

+ VTAXXXXXXXIOC3SXX + NXXXXXXOXX 32*

* This is a combination of several rules. For details, see rules in pass 5 of rule file.
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5. ENGLISH WORD INFLECTIONS

In English output the final forms of nouns, adjectives, adverbs, and verbs are composed by

adding auxiliaries and endings to the English words in the translation section of the dictionary

entry cards. The form that these words are to assume in translation is determined by the English

tags. The auxiliaries and endings to be added to each English word are listed in the tables des-

cribed below.

English words in the translation section are listed in stem form. The end of the stem is

marked by a 0. Directly following the 0 are tags that designate the tables in which auxiliaries and

endings are to be looked up for addition to the English stem. These tags are distinguished by the

_nitial letters N (noun), A (adjective and/or adverb), and V (verb). Following the initial letters are

two or three letters and/or numbers designating the appropriate tables. In the event that a word

is too irregular to b6 declined according to the tables, its separate forms will be listed in a column

in the translation section of the dictionary entry card.

This section contains descriptions of tags and tables to be used for English stems in the nomi-

nal, adjectival-adverbial, and verbal categories. Appendix C contains tables showing the forms

verbals will take as the relevant variables in the English grammatiz tags are changed.

5.1 NOUN INFLECTIONS

Nouns have four possible forms: singular nominative, singular possessive, plural nominative,

and plural possessive. Singular and plural forms are determined by S or P in the fcurth tag of the

nominal tag word. Nominative and possessive forms are determined by X or P in the eighth tag.

These four forms of the noun are made by adding endings to the stem form of the translation.

Three table designatorsa letter, a number, and a letterare written directly after the ON

that follows the stem. The table designators indica .3 which eniiing s are to be added to the stern and

where the additions are to be made. The first table designator specifies what endings are to be

added to form the singular and plural. The second table designator indicates which word in the

1.1iTrit;;IP 77
-

5-1

I .4



stem is to be pluralized, and the third table designator tells how the possessive is created. For
example, the stem and table designators DOGONSOA would take the following forms with the four

possible variations of the nominal tag word:

1. NXSXXMOODE (singular nominative): dog

2. NXSXXXXPXX (singular possessive): dog's

3. NXPMDOMEX (plural nominative): dogs

4. NXPMEXXPXX(plural possessive): dogs'

5.1.1 Singular and Plural Table Designators

The first table designator is a letter indicating the manners of forming singular and plural

nouns shown in Table 5-1.

5.1.2 Plural Position Table Designators

The numbers 0, 1, 2, and 3 indicate which word in the stem is to be pluralized, as shown in

Table 5-2.

5.1.3 Possessive Table Designators

The letters A, B, and C designate the three tables of possedsive endings, shown in Table 5-3,

that are always added to the end of the singular or plural word.

5.1.4 Irregular Nouns

Irregular nouns that form the plural in a manner other than that covered in Table 5-1 will

be manually eatered in the translation section of the dictionary entry card in the following order:

1. NXSXXXXPXX (singular nominative): person

2. NXSXXXXPXX (singular possessive): person's

3. NXPXXXXXXX (plural nominative): people

4. NXPXXXXPXX (plural possessive): people's

The following examples show the English inflection translation process:

1. REVOLUTIONARY BASEONSOA:

-r-/g1.0 ,r3 : YALA-

w

-t rr.rt
71;,71.7t7,7;i77:1CF:75F:174372;Fr' - ;.;77-7,7j1'" 73,iiTii17;,-'

NXSXXXXXXX (revolutionary base)

NXSXXXXPXX (revolutionary base's)

NXPXXXMCXX (revolutionary bases)

NXPXXXXPXX (revolutionary bas'..is')

'r-7" 1

[N 1 1
'1

4



...

Table 5-1 Singular and Plural Table Designators

Table Table of ;1
Ii

Designator Endings _ Examples

0 No table goose, geese (listed separately)

I S--no plural real estate

P P--no singular Philippine Islands

S Sstem + 0 (no change) dog

Pstem + -s dogs

E S --stem + 0 trench

Pstem + -es trenches

Y Sstem + -y
Pstem + -ies

A S--stem + -an

fly (note stem form " fl")

flies

workman (note stem form "workm")

Pstem 4- -en workmen

I? Sstem + -f
Pstem + -ves

shelf (note stem form "shell

shelves

N S --stem + 0 sheep

Pstem + 0 sheep
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Table 5-2 Plural Position Table Designators

Number Word Pluralized Examples

0 last Communist Parties

1 first friends of peace

-2 second international agreements on human rights

3 first and third fathers and sons

Table 5-3 Possessive Table Designators

Letter Word Made Possessive Examples

A S-- Singular nominative 4 -'s dog's

PPlural nominative +' dogs'

B S-- Singular nominative + -'s sheep's

PPlural nominative + -'s sheep's

C SSingular nominative + ' puppet of the United States'

PPlural nominative +' puppets of the United States'

1
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2. M OF LETTERSONA1C: NMXXXXXXX (man of letters)

NXSXXXXPXX (man of letters')

NXPXXXXXXX (men of letters)

NX133CMXPXX (men of letters')

3. PROLETARIATONIOB: NXSIOCXXXXX (proletariat)

NXSXXXXPXX (proletariat's)

4. TROOPSONPOC: NXPX1I/EXXXX (troops)

NXPXXXXPXX (troops')

5.2 ADJECTIVE AND ADVERB AUXILIARIES AND LNFLECTIONS

The adjectival and adverbial forms (AJ and AD) normally have regular, comparative, and
superlative forms (R, C, and S) made by adding auxiliaries and/or endings to the stem form of the
English translation. The additions to a given stem will be specified by the addition of two table
designators written directly following the OA at the end of the stem. The first table designator
specifies how the different forms of the adjective are created. The second table designator speci-
fies how the different forms of the adverb are made from the adjective stem.

5.2.1 -Adjective Formation

Table 5-4 shows the letters that designate common pattern of adjective formation.

5.2.2 Adverb Formation

Adverbs normally conform to the ending tables shown in Table 5-5.

1. PEACEFULOAML:

1,

AJR (peaceful)

AJC (more peaceful)

AJS (most peaceful)

ADR (peacefully)

ADC (more peacefully)

ADS (most peacefully)

MR (clumsy)

AJC (clumsier)

AJS (clumsiest)
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Table 5-4 Adjective Table Designators

Table Adjectival
Designator Ending Table Examples

0 No table No adjectival form

M Rstem + 0 progressive

Cmore + stem more progressive

Smost + stem most progressive

L Rstem + -le capable mote stem "capab ")

C --more + stem + -le more capable

Smost + stem + -le most capable

R Rstem + 0 white

Cstem + -r whiter

Ss tern + -st whitest

E Rstem + 0 fast

C- -stem + -er faster

- --stem + -est fastest

Y Rstem + -y funny

C --stem + -ier funnier

S --stem + -jest funniest
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Table
Designator

Table 5-5 Adverb Table Designators

Adverbial
Ending Table

0 No table

R Rstem + 0
Cstem + -r
Sstem + -St

E Rstem + 0
Cstem + -er
Sstem + -est

Y R--stem+

Cstem + -er
Sstem + -jest

'A

I

Rstem + -ally
Cmore + stem + -ally

Smost + stem + -ally

Rstem + -ily
Cmore + stem + -ily

Smost + stem + -ily

L Rstem + -ly
Cmore + stem + -ly

Smost + stem +

trfffitltifirr-WTItibziff
-4 Tir;172,5),"

r;31177e7,0-14-57, (CftPlir )4 in,
4.;.,) ' .` 41

--9'"1111

JA i/iii J2

Examples

No adverbial form

late

later

latest

soon

sooner-

soonest

early (note stem form "earl")

earlier.

earliest

scientifically

more scientifically

most scientifically

hungrily

more hungrily

most hungrily

treacherously

more treacherously

most treacherously
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ADR (clumsily)

ADC (more clumsily)

ADS (most clumsily)

3. COUNTERREVOLUTIONARYOAMO: AJR (counterrevolutionary)

AJC (more counterrevolutionary)

AJS (most counterrevolutionary)

5.3 VERBS

All English verb forms may be made by adding various kinds of auxiliaries and endings to a

basic verb stem. These additions may be listed in table form with appropriate code letters so that

they can be looked up and combined in accordance with the person, number, tense aspect, and mode

as specified by positions 12 through 16 in the English tag. The tables of verb components are

listed below under five headings: (1) verb stems and endings, (2) forms of the verb "to be,"

(3) auxiliary verbs, (4) infinitive auxiliaries, and (5) postmodal

In the following verb tables these letters are used to designate the various kinds of verb

components:

1. V- --verb stem plus ending

2. B- -forms of the verb "to be"

3. Aauxiliary verbs (positive)

4. D-- auxiliary verbs (negative)

5. Iinfinitive auxiliaries (positive and negative)

6. Gpostmodal auxiliaries (positive and negative)

5.3.1 Verb Stems Plus Endings

Each verb stem has the six basic forms shown in Table 5-6. The manner in which a verb

stem assumes these forms is shown by three table designators written after the OV at the end of

the stem. The first table designator indicates formation of forms V1 through V4, The second

determines forms V5 and V6. The third table designator specifies which word in the verb stem is

to change form.

Forms V1 Through V4. The letters S, E, C, V, and Y indicate the most common forms of

stem change for English verbs, as shown in Table 5-7.

Forms V5 and V6. Weak or regular verbs commonly form the past and past participle in the

manner indicated by the table designators E, C, Y, and 0 in Table 5-8.

5-8
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Table 5-6 The Six Basic Verb Stem Forms

Number Form Examples

0 Stem kill go lov

VI Present, IS kin go love

V2 Present, 3S kills goes loves

V3 Present participle killing going loving

V4 Infinitive to kill to go to love

V5 Past killed went loved

V6 Past participle killed gone loved

Table 5-7 The Most Common Forms of Stem Change for English Verbs

Table Verb
Designator Ending

S Vlstem + 0 spell

V2stern + -s spells

V3stem + -ing spelling

V4to + stem + 0 to spell

E Vlstem + 0 push

V2stem + -es pushes

V3stem + -ing pushing

V4to + stem + 0 to push

C Vi stem + 0 grin

V2stern + -s grins

V3--stem + consonant + -ing grinning (note doubled consonant)

V4to + stem + 0 to grin

V Vi stem + -e love (note that stem lacks vowel " e")

V2stem + -es loves

V3-- stern + -ing loving

V4to + stem + -e to love

Y Vi stem + -y try

V2stern + -ies tries

V3s tern + -ying trying

V4to + stem + -y to try

iy. ,

L.-41,-.662.
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Tab le.-5-8 Forms of Stem Changes
for Weak or Regular Verbs

Table Verb
Designator Ending Examples

E V5--s tem + -ed spelled

V6stem + ed spelled

C V5stem + consonant + -ea grinned

V6stem + consonant + -ed grinned

Y V5stem + -ied tried

V6stern + -ied tried

O V5stem + 0 put

V6stem + 0 put

110,0!,**".7"3"4"-
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Verb Stem Position Indicator. A number is used to specify which word in a verb stem is to

change form. A 0 indicates that the ending is added to the last word in the stem, a 1 that it is added to

the first word (if the stem has more than one word), a 2 that is added to the second word, etc.

Irregular Verbs. In the case of verbs that are too irregular for the past and past participle

forms to be predicted by the above tables, these forms will simply be listed, in the translation

section of the dictionary entry card, preceded by V5 and V6. Thus a word like "see" would show

SEEOVSOO in the translation section, directly beneath which would be listed V5SAW and V6SEEN.

Examples. The examples in Table 5-9 show the stem and table designators above the six verb

forms specified by them,

5.3.2 Forms of the Verb " To Be"

The verb "to be" is the most irregular verb in English. Consequently, its various forms

cannot be predicted by a stem and table of eldings. A total of nine different spellings must be

listed separately (Table 5-10).

Forms of the verb " to be" not shown in Table 5-10 may be made from auxiliary verbs, infinitive

auxiliaries, and postrnodal auxiliaries with or without the addition of the forms shown.

When the verb "to be" is part of a verb stem listed in the translation section of a dictionary

entry card, it will appear as the letter B. For example, the stern of the verb "to be stupid" will

appear as B STUPIDOVB01. Note that for the verb "to be" the first table designator will show the

letter B and the second will always be 0 (because the fifth and sixth verb forms are already in-

cluded in the B table).

5.3.3 Auxiliary Verbs

All auxiliary verbs help to form all tenses except the present and past and are the same for all

verbs except the verb "to be." In the case of "to lie," the same set of auxiliaries may be utilized,

but in slightly different tenses. Tables 5-11 through 5-14 show all posfiible auxiliary forms in

both positive and negative form. Those forms that do not have a number do not occur in the pres-

ent Chinese to English MT system and are included here for information purposes only.

Positive Auxiliary Verbs. There are 18 numbered auxiliary verbs that can occur in English

output, as seen in Table 5-11.

Negatimi Auxiliary 'Verbs. The number of negative auxiliaries is three greater than the

number of positive auxiliaries because cf the necessity to negate the present and :last forms of the

47":"^77",C

{1,4_64,1
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Table 5.11 -=- A xiiiar Verbs ThatCan Occur id En -Output

Al First person- singular present perfect active have

A2 Third person singular present perfect active has

A3 First person singular past perfect
.

active had

A4 :First-person singdar future_active wilt_

A5 First person.singular future perfect active will have

A6 First person singular present progressive active. . am

A7 Second person singular present progressive active are

A8 Third person singular present progressive active is

A9 First person singular present perfect progressive active have been

A10 Third person singular present perfect progressive active has been

All First person singular past progressive active was

Al2 Second person singular past progressive active viere

A13 First person singular past perfect progressive active had been

Alet First person singular future progressive active . will be

A15 First person singular future perfect progressive active will have been

A16 First person singular present progressive passive am being

Al? Second person "singular present progressive passive are being

A..18 Third person singular present progressive passive is being

A First person singplc.r present perfect progressive passive (have been being)

A Third person singular present perfect progressive passive (has been being)

A Eirst person singular past progressive passive
.

(was being) .-

A_ Second person singular past progressive passive (were being)

A -F-:,rst person singular past-perfect progressive passive (had been being)

A (will be being)First person singular future progressive passive

A First person singular future perfect progressive passive (will have been being)
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Table 5-12 Negative Auxiliary Verbs

Name

Third person singular present active .

03 first person singular present perfect active

D4 Third personsingillai present perfect active

D5 -First person singular past active

D6 First person singular past perfect active

07 First person singular future active

D8 _ First person singular future perfect active

- D9 First person singular present progressive active

010 Second person singular present progressive active

D11 Third person singular1 present progressive.active

012 -First person singular present perfect progressive active

013 Third person singular present perfect progressive active

D14 First person singular past progressive -active

D15 Third person singular past progressive active

D16 First person singular past perfect progressive active

D17 First person singular future progressive active

D18 First person singular future perfect active

D19 First person singular present progressive passive

1)20 Second person singilar present progressive passive

D21 Third person singular present progressive passive

D . First person singular present perfect progressive passive

1) Third person singular present perfect-progressive passive

First person singuhr past progressive passive

Second person -singular past progressive -passive

First person singular past perfect progressive passive

First person singular future progressive passive

First person singular future perfect progressive passive

-Fair4ples

do nut

does not

have. nrit

has not

did not

had not

will not

will not have

-ara nat

are uot

is not
11.

have not been

has not been

was-not

were not

had not been

will not be

will not have been

am not being

are not being

is not being

(have not been being)

(has not been being)

(was not-being)

(were not being)

(had not been being)

(will not be being)

(will not hay, '-'ieen being)
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6. _CONCLWONS AND RECOMMENDATIONS

The first year of linguistic studies. for Chinese to English machine translation ins produced

some very significant results 1:1 establishing a general Bang tic processing system for Chinese

to- English MT. The tasks accomplished through the effoits of the linguistic and programining

groups allow this study to be effective for a programmed system for further refinement and

deVelpPment.

The tasks accomplished thfus peridd are as follows:

1. A general linguistic MT system, beginning from the Chinese input by Chicoder to the

output of English words, detailing specific linguistic passes and the operations necessary to reach

the goal of the target language, output, -was developed.

2. Morphological analyses resulting in the setting up of table formats for word classes and

their subtags were carried cut. Within these word classes and their sUbtags, flexibility is al-

lowed for expansion and/or revision. Lexicographic entries can be made on a systematic pro-

duction basis. As a result, 15,000 Chinese input entries and 30,000 English output entries plus

input and output entries of general vocabulary based on linguistic analysis are put on magnetic

tape.

3. Syntactical analyses were performed, with the following results:

The establishment of linguistic rules for reso!ving ambiguities, phrase and structure

recognition, word reordering, etc.

The organization of these linguistic rules into a system wherein certain operations and

items are sequenced for logic operations

o The writing of. over 1,000 linguistic rulei in symbolic notation to process linguistic

-. structures discovered in the linguistic analysis.

4. General English output with all the inflection forms, for nominals, verbals, and adjectival

adverbials set up in table format for lexicographic and programming operations.
gr.

6-1

is

j



_

Sentence Structures and patterns were_amPyzed,for general format for Subject to verb to

olijea linking

=- .

`Ay

6: Testing of linuistic rules by machine vms 'initiated and is a continuing process to aid the

'progiesi; liniuistio research.

For a fine system of Chinese to English machine translation, refinement and development of

the baiic system that we now have are necessary. It is therefore proposed that future work con-

centrate on the refinement and amplification of this system. :General items of work to be con:-

:11'1

-

sidered for the future should include the following:

1. StUdy of scientific texts in thesource language to allow research for any variances in

grammatical structures and for any elaboration of these _structures

2. Expansion of morphological tag classification and linguistic rules based on study of texts

3. Further analysis of sentence patterns to expand detailed operations of linking of major

phrases

4. -Addition of lexicographic eiitries for linguistic study- purposes

5. Refinement and further development of the linguistic processing system

6. Continuous computer testing .o linguistic rules, linguistic passes, and correlation of one

pass to another, as well as special testing of English output with all the inflection forms, for the

purpose of testing the validity of the linguistic systems.

Specifically, the details for the proposed work can be divided into two categories, morphology

and syntax. Although these details are considered to be two categories, in the actual process of

linguistic analysis both will be utilized simultaneously to produce the best results.

6.1 MORPHOLOGY

A

Future morphological work should include the following:

1. Addition of lexicographic entries of scientific terminology should be made either from one

particular field or from genera/ scientific texts. These entries can be utilized for testing

purposes.

2. Addition of lexicographic entries should include all common verbs, noun', and idiomatic

expressions to ensure proper application of the linguistic rules in the processing system.

3. Proverbs that are quoted frequently should be entered in lexicographic entries and clas-

sified accordingly.

f,7;<-&`..
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_Further-analysis of-the verbs jhquld include:

Information concerning the possible kind of subject each verb may take. At least a

major Cihrif3 loU between human verbs and those verbs that are related only to abstract

fields such asicience, politics, and economics should be Made. -

Information concerning the relationship between certain verbs and the object. If the

relationship is so close that it influences the English equivalent words, tag modifica-

tons and addition of linguistic. rules will be needed.

Further adjectival-adverbial analysis concerning information of certain adjectives that

cause the verb "to be" to be Omitted is necessary. Addition of linguistic rules should be

studied foi>adverbi and suppfemented accordingly-.

6. Since the present collocative tag word does not carry the information concerning its ad-

jectival form, this Mformation should be added.

7. Single character verbs shbuld be further analyzed.

B. Special tags should be added in the verb tag word for verbs whose subjects are omitted.

9. The auxiliary English verb table should be set up and an appropriate tag system made for

the G class so that "can" and "may" can be conjugated.

16., New classes should be created for words that have not been classified in the present

Future syntactical work should include the following:

1. A study should be made on the finding of proper names so that any proper name will be

found and tagged accordingly before the sentence enters the grammatic analysis processing

phase in the scheme.

2. Since the English sentence structure seldom omits the subject except in imperative sen-

t& ,s-,.and since the Chinese sentence often omits the subject after it is mentioned once, a

study should be made'sothl the resulting translation will be natural English.

3. More study should be made on collocative structures, connominal phrases, and noun

phrase-relative clauses so that these'structures can be safely extended over commas.

4. Studies should be made on collocative structures, connominal phrases, and noun



phrase - relative. clauses so that new.patteri*inay be discovered and more natural trans-

lations- may be de =-teed for these structures;

gyfitacU.cal- study shcrald-be made for cOn;qiii-ative structures and i.terrogative sentences.

Appropriate tag words, in guiSftd rules, and English eqUivalent structures Eli:7W be made,

ibr -this; study..

0.. 86.dieS should be Made for machine recognition of .2./ain clauses and subordinate clauses.

7. Addition of English articles for smoother translation should be studied.

8; Concordances of probleni words and single characters should be made.

9. More parsing of tette' is recommended.

Past experience has demonstrated that greater progress can be made in this area of liAgu

research if the linguistic analysis is supplemented by computer testing. It is therefore suggested

that program testing of rules, passes, and English output be continued to test the validity and the

systematic operation of the linguistic rules.

V 1
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Appendix A

EXPLANATION OF SYMBOLS FOR LINGUISTIC RULES

BASIC RULE FORMAT

+ B/P2 + K -1 + D + B2

The above is the basic linguistic rule format, And all other formats are derived from ft. The

following are the explanations of the syrabob used.

1. +the plus sign represents the boundary between grammatical tag words belonging to dif-

ferent Chinese words, or morphemes as segmented and tagged according to the dictionary entries.

2. Lettersthe first letter after every plus sign or at the beginning of each rule represents
the first tag letter of each tag word. For example, +N represents the words "followed by a nom-

inal"; +A represents "followed by an adjectival adverbial:" If no more letters follow this first
letter'or if this letter is followed by another +, then it is understood that this first letter represents

the entire tag word of the class it indicates, with the rest of the tag word filled by X, to be ex-

plained later in this Appendix. Therefore:

+ A + Is the same as + A30000C +

+ N + is the same as + 14200000CXXX +

If the first letter is followzd by another letter with no number above it, then the two letters repre-

sent the first two tag letters of the tag word. Therefore:

AJ + is the same as + AMC/00C +

+ EN + 14 the same as + ENXX +

If there is a inunher, aboVkilhi--106,0 'Playing' the first letter, the ,:ember indicates the tag number
9 the letter below i .. "T hereforre



1-e
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NV represents NZCXX=di-V

The retilit of combining the above t*o points is:

9
NTR repretents NTX3pMXXDX

8

VTA I represents VTAXXXXIXXXX=OC

(For the exact length -of every tag word, see tables in Section 3.)

1. --Abe tilde is used when the rest of the tag Word is occupied by X's. The superscript to

a tilde indicates the number of the last tag to be filled-by X. Therefore:

VTA N 16. means VTAXXXXMOODOCaX

V - 1/ V3SPA means VXXXXXXXXXXV3SPA

4. /--if a letter or a group of letters is followed by a slash and another letter or a group of

letters, it is understood that the actual Chinese word owning these two groups of letters falls into

two grammatical classes represented by these two tag words, i.e., that thii word is a grammatic

ambiguity. Some Chinese words fall into three or four grammatic classes. The different tag

words indicating the classes are divided by slashes. The order of the classes thus represented is:

R/A/L/S/I/J/V/E/N/U/G/0/H/P. Therefore if a word falls into classes S and A, the symbol wal

be A/S or AXXXXX /SX. If a word falls into classes V, L, J, and N, the symbol will be L/J/V/N or

LXX/JX/VXXXXXX3ODOCIOCX2WNXXXXX)ODEX.

5. Numberthe subscripts to the letters of the alphabet represent the sequential number of

the word stream, Ai + B2 + Ks means that tag word A is immediately followed by tag word B,

which is immediately followed by tag word K.
kN

6. when a letter or a series of letters is underlined, it means that the tag words

represented by-the letter are masked. Masking means that the underscored tag words will be

treated as if they were not there in subsequentlinguistic passes, but-they will be translated ac-

cordingly in the output. This is the technique by which the head of a noun phrase Is shown to JIG

the- representative of the noun phrase, etc. Masking should-by no meats be coifed with dele"aag.

material OA the- left Side-of the,arrOwle- the argtunenti, that on-the right is the

"Whatever 10,04k.thee left1S -regaOed:= 17- WhateVeerfe44004ight4

31114
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Appendix B

LISTINGS OF COMPUTER EXPERIMENTATION

This Appendix presents the listing of compliter processing from Chinese to English, including

Chinese text (both in Chinese and Chicodes), dictionary I, output .of pass 1, dictionary II, output of

pass 2, dictionary B11 output of pass 3, and final output of English after the inflection process.

CHINESE TEXT IN CHINESE AND CHICODES

1v52/fh14/villiss11/e911/1v11/ss11/411/fr11/ss14/e911/1v11/4j12/bs14/dp11/uh12/y1111/

iff
1v12/cill/qs11/ooll/4111/5e/l/km13/qw12/xu11/v111/wg13/5y21/xg11/chll/ak12/sk11/8o11/

qw12/xull/vf/l/rg14/1511/1v11,1141/ht15/jk11/fh14/v/11/8811/e911/vf11/sul//dp11/1v12/

41 n 411

DICTIONARY I

Pseudo-Chicodes and Chinese
Chicodes Grammatic Tags

chll/ak12/ vaaaaa/vta0002000000000)

call/ naaa00/nm1spm0000)

dp11/uh12/ vaabaa/vi00000000000000)
,

e911/ naabOO/nt3s0n00u0)

th14/ aaaa00/aarvOt)

'fr11/ uaaa00/up)

ih21/ht15/ vaacaa/vta0000000000000)

Pal/ raaa00/gs)

km13/ eaaa00/ept0)

csiii/41.11/ naaqaa/ne3p0m0000)



4,7 Sr- ' -
-

_ sar
. ry, , :

r

r-

Asat naadOON3s0n0000Y

qvi12/xu1I/ caaaaa/vI00000000000000)nd3s0n0000)

rg14/1511/ naaeaa/n440i 000).

aiab00/aictOt)

ssll/ uaabOO/gs)

ss14/ uaac00/up)

su11/dp11/ vaadaa/vi00000000000000)

vf11/ haaa00/hm)

wg13/5y21/ aaacaa/ajr00t)

xg11/ baaaOO /iaaan)jc)

yh11/ eaab00/ette)

1v11/ paaa00/pc)

1v12/ paabOO/pp)

1v52/ paacOO /pi)

3y11/ uaad00/up)
"ezt

4j12/bsW eaacaa/ette)

Sell/ vaae00/vta0000000000000)

8o11-/ aaad0O/aarvOt)

8y11/ uaae00/up)

OUTPUT OF PASS 1

paac00/pi)aaaa00/aarvOt)haaa00/hm)ilaRb00/us)naabOO/nt3s0n00u0)paaa00/pc)uaabOO/us)uaae00/

up)uaaa00/up)uaac00/up)naab00/nt3sOn00u0)paaa00/pc)eaacaa/ette)vaabaa/v100000000000000)eaa

b00/ette)paabOO/pp)naaa00/nm lspm0000)naad00/nc3e0n0000)naacaa/ne3p0m0000)vaae00/vta0000

000000000)eaaa00/eptO)caaaaa/vi00000000000000)nd3sOn0000)haaa00/hm)aaacaa/ajr0Ot)baaa00/1

aaan)jc)vaaaaa/vta0002000000000)aaab00/adcrOt)aaad00/aarvOt)caaaaa/v100000000000000)nd3sOn

0000ihaaa00/1un)naaeaa/nd3sOny000)paaa00/pc)vaacaa/vta0000000000000)raaa00/rs)aaaa00/aary

Ot)haaa00/hm)uaabOO/us)naabOO/nt3s0n00u0)haaa00/hm)vaadaa/v100000000000a00)paabOO/pp)

DICTIONARY II ON LINGUISTIC WRITING FORMAT)

1.10.,6tic Pass IA

rf

PC + KCT

14 + KPI

J.

4-



-3. PP » 1CPT +- PP +'10I

1. AAXXXXi + Hri/2 AJXXXXi + Fah .

2. AAMDM + N I° AS + N ti "

3. HM1 + A10=2 11Ms + Nri3SON000A2

4: HM./ + V ~ 11Mi + ND3SONCOOV2

5.
WTI

+
zry,

+ UP TO NEXT3txpi el' 44 2

.[KCTI
$VT1C ~11 + U P TO" NEX T1KPI 1

6. tTSi + UP2 + UP34. UP4 + NT3SONO0U05

VTA is
(KIT/

+ $1.1! + UP TO
ki(WT/2 KTE.



r,:
epAar,i4f,(pafb 00/pp) kpi(naacaaine3p0m2sci0)zofzztiz)naaa00/rimippap00)naad00/nc3s040000)k

.vi(ira.1c,001v,t0000.0900pp900)1avgaAacaa/ncl380n2o6gizoizitit)caaaaa/iii3itin060)baaa00/jc)naze

5. SITTBW - 16 (.,KTIT) + NMICMC1XXX2 + N 1° - SVTBW
1"lf i

ICVT + of + NMAXAX0XX2
ICWT)

Linguistic Pass 2B

*- + N + HM3 + N -1° + JC5 + V - + $XXX7 + UP TO NEXT + HM6ICW1
KV- T

{KITT1
=MTN21.100Cg + of + NXXXXXXOXFa + JC5 +- V - + $10Ort + UP "TO NEXT

+11M$

Linguistic Pass 4

1. 1C.P + VTA M 16 + N + BM + ND -1°_+ 1CRT - NDXXXXIMCKX3 + of

VTAXIOCOCXXMCP0001 + NXXXXXX0XXi

2. KXX + N + HM + N + KXX » KKX + NXXXXX...2XXX2 + of + NXICKCICX0XXi

+ KXX .

3. VTAXXIMCMOLICP9001+ KWT2 + ND + JC4 + VTA i6 + N + HM7 + ND -

+ KCI9 VTAXICMCKCXXP0001+ KWT2 + ND - + 3C4 + KRI + VTA + N

+11M7 + N + KRT + KCI9

4. V T A- 1 6 + 1 C W T 2 + N + JC4 + N ÷ .1. PC + Kerk + V 16 VTA

+ KWT2 + N + JC4 + N r + KCI6 + PC + KCT + KVI + V 16 + KVT

Linguistic Pass 5
P

1. KPI + NE3PXX300DC + $ VMCMIXICCXXX000XX + UP TO NEXT +- KVI

+ VTAXXXXXXXX000XX + KVT NEMIXXSIOC + eVXXXXX=CX00030C

+ UP TO NEXT + KVI + VTAXXXIOCKOCV3005 + KVT

2. KPI + NT3S + $77:71.6. + UP TO NEXT + KVI + VDCXXXXXXXX000XX

+ KVT KPI + NT3SXMCSKK + ~-711+ UP TO NEXT + KVI + VDCXXXXXXXXV3SXX

KVT

4;1

OUTPUT OF PASS 2

paac00/pi)kpi(zazzzziz)aaaa00/ajrvOt)naab00/nt3is0n1Ou0)kci(paaa00/pc)kct(naabOO/nt3sOn3Ou0)z

ofz;z/zhiaa400/u049.40.0/ua)uaaa00/ua)uaac00/u0kci(paaa0P/p_c)ket(kvgvaabaa/v100090A00003s

- ,
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APPendix C

VERB COMPONENTS IN ENGLISH OUTPUTS.

The form a verb will take in the final English output is determined by positions 12 through

16 of the verb tag word. Tables C-2 through C -5 -are designed as a guide to programming to show

which verb forms are to be combineifor each possible configuration of verb tags 12 through 16.

The code letters shown'inTable C-71 are utilized.

POSITIVE VERBS

A verb-may take three person forms (first, second, and third), twc: numbers (singular and

plural), six tenses (present, present perfect, past, past perfect, future, and future perfect), two

forms (regular and progressive), and two voices (active and passive). Thus 3x 2x 6x 2x 2

yields a total of 144 possible forms for each verb (exclusive of negative, infinitive, and postmodal

forms-given below).

Table C-2 shows the English tag code for each of the possible 144 forms (tags are lacking for

all progressive tenses but the present) and the form of the auxiliary and verb stem to be used in

each case. Examples are given using the verb "to see" and the verb "to be."

NEGATIVE VERBS

There are also 144 negative verb forms, as shown in Table C-3.

INFINITIVE- FORMS

- .

Table C-4 shows all possible infinitive forms, positive and negative, for all verbs and the verb

O-1;0 both by itself and in Compounds like "to be stupid."

for iregUlar-yepbs: and :for verbs of the "to be (stupid)" type may

-400 ,94the-- shqw.44.4:117able- C-_5.
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English Tags
12 to 16 -- Amtiliary Stem Auxiliary Stem To See

Y1SUA

Y2SUA

Y3SUA

Y1PUA

Y2PUA

Y3PUA

Table 04 English Tag Codes for All Negative Verb Forms (Cont.)

VerbTorm "To Be" Form

D8 V6 D8 B9 will not have seen

D8 V6 De 89 will not have seen

D8 V6 D8 B9 will not have seen

D8 V8 /18 -89 will not have seen

D8 V6 118 B9 will not have seen

138 V6 D8 B9 will not have seen

Examples

Te Be .

will not have been

will not have been

will net have been

will not have been

will not have been

will not have been

YISRA D9 V3 D9 B8 am not seeing am not being

Y2SRA D10' V3 010 B8 are not seeing ate not being

Y3SRA D11 T3 Dli B8 is not seeing is not being

Y1PRA D10 V3 D10 B8 are not seeing are not being

Y2PRA Th10 V3 1310 B8 are not seeing are not being

Y3PRA D10 V3 D10 B8 are not seeing are not being

YlS A D12 V3 D12 B8 have not been seeing have not been being

Y2S A D12 V3 D12 Be have not been seeing have not been being

Y3S A D13 V3 D13 B8 has not been seeing has not been being

YIP A D12 V3 D12 B8 have not been seeing have tot been being

Y2P A 1)12 V3 D12 B8 have not been seeing have not been being

YSP A D12 = V3 1)12 88 have not been seeing have not been being

YlS A D14 V3 1314 B8 was not seeing was not being

Y2S A D15 V3 1315 88 were not seeing were not being

Y3S A D14 V3 D14 88 was not seeing was not being

YIP A D15 V3 D15 B8 were not seeing were not 1,-,,.ing

Y2P A D15 V3 D15 B8 were not seeing sere not being

Y3P A 1)15 V3 D15 88 were not seeing were not being

YlS A D16 V3 1)16 B8 had not been seeing had not been being

Y2S A D16 V3 1)16 B8 had not been seeing had not been being

Y3S A D16 V3 D16 B8 had not been seeing had not been being'

YIP A 1)16 V3 0 6 88 had not been seeing had not been being

< Y2P A D16 .V3 m e .B8 had not been seeing had not been being

Y3P A D16 Y3 D16 1)8 had not been seeing had not been being

r
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Eng Iiith 'Tags
to,16

Y1S A

Y28 _A

Y3S A

YIP A

Y2P A

Y3P A

YlS

I2 SA

Y3S A

YIP A

Y2P A

Y3P A

Y1SPP

Y2SPP

Y3SPP

TIPPP

Y2PPP

Y3PPP

YLS'EP

Y2SEP.

Y3SEP

MEP
Y2PEP

Y3PEP

TISAP

Y2SAP

'Y3SAP:

'YlPAP

Y 2 PA P

Y3*tiv

Table.: C-3 ,---English Tag Codes for All Negative Verb.Forms-(Cont.)

Veit -Pam' "To Be" Form

Alteliary Stem To SeeStem

1)17: V3

D17 V3

D17- V3

D17 V3

1)17 V3

D17 V3

1)18 V3

D18 V3

D18 V3

D18 V3

D18 V3

113

De V6

D10 V6

D.I1 V6

1)10 V6

D10 V6

1)10 V6

D12 V6

1)12 V6

D13 V6

D12 V6

D12 V6

D12 ye

D14, V6

1)15 Vo

'1)14 V6

1)15- ye
D15.-

1)15 V6

D17-- B8 will.not be seeing

b17 -513 will not be seeing

D17 B8 will nekbe-seeing

1317 Ba will not be seeing

1317 B8 will not be seeing

1)17 B8 will not be seeing

Tbamples

1318 B8 will not have been seeing

D18 B8 will not have been seeing

D18 B8 will not have been seeing

D18 B8 will not have been seeing

D18 B8 will not have been seeing

-D13 B8 wthl not have been seeing

am not seen

are not seen

is not seen

are not seen

are not seen

are not seen

have not been seen

_lave not beenseen

'has not been seen

`,have not been seen

have not been seen

have not been seen

was not seen

were not seen

"vas not seen

were not seen

were not seen

were not seen

To Be

will not be being

will not be being

will :tot be being

will not be being

will not be being

will not be being

will not have been being

will not have been being

will not have been being

will not have been being

will not have been being

will net have been being

1
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